
REMARKS 

-ilSiBEr^bstitute specification is presented to correct minor errors in the specification 
as filed. 

No new matter has been added. 
In this regard: 

1 . On the change of "Trimethylene" at page 10, line 21 of the original 
specification, to --Optionally substituted trimethylene--: 

(1) In view of passages "...the substituent being selected..." at page 10, 
line 23; "unsubstituted trimethylene... "at the same page, lines 24-25; and "those having 
one, two or more, preferably one or two substituents..." at the same page, lines 26-27, it 
would be evident for anyone skilled in the art that the groups such as trimethylene which 
are mentioned on the same page, lines 21-23, are unsubstituted or substituted, i.e., are 
optionally substituted. 

(2) Also in view of a passage at page 166, last line to page 167, line 2, i.e. 
in Claim 1, which corresponds to page 10, lines 21-24, it would clearly be seen that- 
Optionally substituted- has been omitted from before "Trimethylene" at page 10, line 21. 

(3) Furthermore, "Optionally substituted trimethylene..." is correctly 
mentioned in the original Japanese language PCT application, page 1 0, line 1 8. 

2. On the addition of-at the same temperature- after "stirring" at page 65, line 14 
of the original specification: 

The passage at page 56, line 27 of the original Japanese language PCT application 
which corresponds to the U.S. specification, page 65, line 14, is correctly written, 
including "at the same temperature". Hence, the above-captioned change is a correction 
of an obvious error which occurred during the English translation of the PCT 
specification. 

3. On the addition of-under reduced pressure- after "solvent off" at page 74, line 
26 of the original specification: 

Support is similar to that in above paragraph 2. The corresponding passage (page 
67, line 3) in the original PCT application is correctly written. 



Favorable action is now requested. 
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DESCRIPTION 




NOVEL AMIDE DERIVATIVES 
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Technical Field 



This invention relates to novel amide derivatives, processes 



for preparing them, pharmaceutics containing them and their use as 
medicines, especially in the treatment of various diseases of the 
respiratory, urinary and digestive systems. 

10 

Background Art 



bronchodilation, gastrointestinal hypanakinesis, gastric 
hyposecretion, dry mouth, mydriasis, suppression of bladder 

15 contraction, hypohidrosis, tachycardia and the like [cf. Basic and 
Chnical Pharmacology. 4th ed., APPLETON & LANGE, pp. 83-92 
(1989) and Drug News & Perspective . 5(6), pp. 345-352 (1992)]. 

It has recently been made clear that there are at least three 
subtypes of muscarinic receptors; Mi receptors being present 

20 mainly in the brain; M2 receptors, mainly in the heart, and M3 

receptors, on smooth muscles and glandular tissues. Whereas, all of 
the large number of compounds heretofore known to exhibit 
antagonism to muscarinic receptors non- selectively antagonize the 
three subtypes of muscarinic receptors. Consequently, attempts to 

25 use thcoGcompounds these compounds as therapeutic or prophylactic 
agents for diseases of the respiratory system have caused undesirable 
side effects such as dry mouth, nausea and mydriasis. Still in 
addition, particularly serious side effects associated with the central 
nervous system, such as dementia, attributable to Mi receptors and 

30 those 

associated with the heart, such as tachycardia mediated by M2 
receptors pose problems and their solution has been strongly in 



Antagonism to muscarinic receptors are known to cause 



demand. 
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Disclosure of the Invention 

An object of the present invention is to provide treating 
agents of diseases associated with muscarinic Ms receptors, said 
agents exhibiting highly selective antagonism to muscarinic M3 
receptors and little side effects, and being safe and effective. 

We have discovered that thooocompounds those compounds 
which are represented by the following general formula [I] 
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Ar^ 



Ar^ O r2 R' R' R' O 

I II I I II II H 

-CH-C-N"-CH-(CH2)k-X-Y-CH-(CH2)m-C-N-(CH2)n-A 



[t] 



Ar^ 



[in which A stands for a group of the following formula [aj or 
[bol 



15 



56O 



[aol 



R^^ [bol; 



Ar^ Ar2 and Ar^ each independently stands for optionally 
20 substituted phenyl, the substituent being selected from the 

group consisting of halogen, hydroxyl, lower alkyl, lower 
alkenyl, lower alkoxy, carbamoyl, lower alkylcarbamoyl and 
di-lower alkylcarbamoyl; k means 0 or i; m, n and s each 
independently means 0, 1 or 2 ; Ri stands for hydrogen or 
25 optionally substituted lower alkyl, the substituent being 

selected from the group consisting of hydroxyl, amino, 
carbamoyl, lower alkylcarbamoyl, di-lower alkylcarbamoyl 
and imidazolyl; R^, R^, R'* and R^ each independently stands 
for hydrogen or optionally substituted lower alkyl, the 
30 substituent being selected from the group consisting of 
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hydroxyl, amino, carbamoyl, lower alkylcarbamoyl, di-lower 
alkylcarbamoyl and imidazolyl, or R2 and R^, or R'* and R^, 
may together stand for, independently of each other, 
optionally substituted trimethylene, propenylene, 
tetramethylene or 2-butenylene group, the substituent being 
selected from the group consisting of oxo, hydroxyl, amino, 
lower alkoxy, lower alkanoyloxy, lower alkylamino, di-lower 
alkylamino, (imino'lower alkyOamino, lower alkanoylamino, 
lower alkoxycarbonylamino, (lower alkylcarbamoyOamino, 
lower alkylsulfonylamino, guanidino, lower alkoxycarbonyl, 
carbamoyl, lower alkylcarbamoyl, di-lower alkylcarbamoyl, 
imidazolyl and a group represented by -R'^, R^ standing for 
optionally substituted lower alkyl, the substituent being 
selected from the group consisting of hydroxyl, amino, 
carbamoyl, lower alkylcarbamoyl, di-lower alkylcarbamoyl, 
lower alkoxycarbonyl and imidazolyl; R*^** stands for hydrogen, 
CrCio alkyl, lower alkenyl, cycloalkyl, cycloalkyMower alkyl 
whose ring portion may be substituted with lower alkyl, 
cycloalkeny Mower alkyl or aralkyl; R®^ and R''^ each 
independently stands for CrCio alkyl, lower alkenyl, 
cycloalkyl, cycloalkyMower alkyl whose ring portion may be 
substituted with lower alkyl, cycloalkenyMower alkyl or 
aralkyl, or R^i and R''^ may together stand for optionally 
substituted trimethylene, tetramethylene, 2-butenylene, 
pentamethylene, 3"0xapentamethylene or 2, 3-epoxytetra- 
methylene group, the substituent being selected from the 
group consisting of oxo, hydroxyl, lower alkyl and lower 
alkoxy; X stands for carbonyl or methylene; Y stands for 
nitrogen or methine; and Q stands for anion] 
exhibit highly selective antagonism to muscarinic M3 receptors, Uttle 
side effect and high safety, and are very useful for treating various 
diseases which are associated with muscarinic M3 receptors, eg., such 
respiratory diseases as chronic obstructive pulmonary diseases, 



chronic bronchitis, asthma, chronic respiratory tract obstruction, 
fibroid lung, pulmonary emphysema and rhinitis; digestive diseases 
such as irritable bowel syndrome, convulsive colitis, gastroduodental 
ulcer, convulsion or hyperanakinesia of digestive tract, diverticuhtis 
5 and pain accompanying contraction of smooth muscles of the digestive 
system; urinary diseases accompanied by dysuria like urinary 
incontinence, urgency and pollakiuria in nervous pollakiuria, 
neurogenic bladder, nocturnal enuresis, unstable bladder, cystospasm 
and chronic cystisisl and motion sickness; and have completed the 
10 present invention. 

The present invention relates to the compounds represented 
by above general formula [I] or salts thereof, processes for their 
preparation and their use. 

Horcaftorth e Hereafter the invention is explained in further 
15 details, in which the terms used mean the following. 

"Halogen" means fluorine, chlorine, bromine and iodine 

atoms. 

"Lower alkyl" means CrCe linear or branched alkyl groups, 
examples of which include methyl, ethyl, propyl, isopropyl, butyl, 
20 isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, hexyl and isohexyl 
groups. 

"Lower alkenyl" means C2-C6 linear or branched alkenyl 
groups, examples of which include vinyl, 1-propenyl, 2-propenyl, 
isopropenyl, 3-butenyl, 2-butenyl, 1-butenyl, l-methyh2-propenyl, 
25 l-methyM-propenyl, 1-ethyM-ethenyl, 2 -methyl- 2-propenyl, 
2-methyM-propenyl, 3-methyl-2*butenyl and 4-pentenyl groups. 

"Lower alkoxy" means CrCe linear or branched alkoxy 
groups, examples of which include methoxy, ethoxy, propoxy, 
isopropoxy, butoxy, sec-butoxy, isobutoxy, tert-butoxy, pentyloxy, 
30 isopentyloxy, hexyloxy and isohexyloxy groups. 

"Lower alkylcarbamoyl" means carbamoyl groups which are 
mono-substituted with said lower alkyl groups, examples of which 
include methylcarbamoyl, ethylcarbamoyl, propylcarbamoyl. 
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isopropylcarbamoyl, butylcarbamoyl, secbutylcarbamoyl and 
tert-butylcarbamoyl groups. 

"Di-lower alkylcarbamoyl" means carbamoyl groups which 
are di-substituted with said lower alkyl groups, examples of which 
5 include dimethylcarbaraoyl, diethylcarbamoyl, ethylmethylcarbamoyl, 
dipropylcarbamoyl, methylpropylcarbamoyl and di-isopropyl- 
carbamoyl groups. 

"Lower alkylamino" means amino groups which are 
mono-substituted with said lower alkyl groups, examples of which 
10 include methylamino, ethylamino, propylamine, isopropylamino, 
butylamino, secbutylamino and tert-butylamino groups. 

"Di-lower alkylamino" means amino groups which are 
di-substituted with said lower alkyl groups, examples of which 
include dimethylamino, diethylamino, ethylmethylamino, 
15 dipropylamino, methylpropylamino and di"isopropylamino groups. 

"Imino-lower alkyl" means said lower alkyl groups which are 
mono-substituted with imino group, examples of which include 
formimidoyl, acetimidoyl, propanimidoyl, butanimidoyl, pentanimi- 
doyl and hexanimidoyl groups. 
20 "(Imino-lower alkyl) amino" means amino groups which are 

mono-substituted with said imino-lower alkyl groups, examples of 
which include formimidoylamino, acetimidoylamino, 
propanimidoylamino, butanimidoylamino, pentanimidoylamino and 
hexanimidoy lamino group s . 
25 "Lower alkanoyl" means CrCe Hnear or branched alkanoyl 

groups, examples of which include formyl, acetyl, propionyl, butyryl, 
isobutyryl, valeryl, isovaleryl and pivaloyl groups. 

"Lower alkanoyloxy" means alkanoyloxy groups having said 
lower alkanoyl groups, examples of which include acetoxy, 
30 propionyloxy, butyryloxy, isobutyryloxy, valeryloxy, isovaleryloxy and 
pivaloyloxy groups. 

"Lower alkanoy lamino" means amino groups which are 
mono- substituted with said lower alkanoyl groups, examples of which 
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include formylamino, acetylamino, propionylamino, butyrylamino, 
isobutyrylamino, valerylamino, isovalerylamino and pivaloylamino 
groups. 

"(Lower alkylcarbamoyD amino" means amino groups which 
5 are mono- substituted with said lower alkylcarbamoyl groups, 
examples of which include (methylcarbamoyl) amino, (ethyl- 
carbamoyDamino, (propylcarbamoyDamino, (isopropylcarbamoyl)- 
amino, (butylcarbamoyl) amino, (secbutylcarbamoyl) amino and 
(tert-b uty Icarb amoyl) amino group s . 
10 "Lower alkylsulfonyl" means alkylsulfonyl groups having 

said lower alkyl groups, examples of which include methylsulfonyl, 
ethylsulfonyl, propylsulfonyl, isopropylsulfonyl, butylsulfonyl, 
sec-butylsulfonyl and tert-b uty Isulfonyl groups. 

"Lower alkylsulfonylamino" means amino groups which are 
15 mono-substituted with said lower alkylsulfonyl groups, examples of 
which include methylsulfonylamino, ethylsulfonylamino, propyl- 
sulfonylamino, isopropylsulfonylamino, butylsulfonylamino, 
sec-butylsulfonylamino and tert-butylsulfonylamino groups. 

"Lower alkoxycarbonyl" means alkoxycarbonyl groups 
20 having said lower alkoxy groups, examples of which include methoxy- 
carbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl 
butoxycarbonyl, isobutoxycarbonyl, tert-butoxycarbonyl and 
pentyloxycarbonyl groups. 

"Lower alkoxycarbonylamino" means amino groups which 
25 are mono-substituted with said lower alkoxycarbonyl groups, 
examples of which include methoxycarbonylamino, ethoxy 
carbonylamino, propoxycarbonylamino, isopropoxycarbonylamino, 
butoxycarbonylamino, isobutoxycarbonylamino, tert-butoxy- 
carbonylamino and pentyloxycarbonylamino groups. 
30 "CrCio alkyl" means CrCio Hnear or branched alkyl groups, 

examples of which includes, besides those earher exempHfied lower 
alkyl groups, 2-methylbutyl, 2-ethylbutyl, 2-methylpentyl, heptyl, 
octyl, nonyl and decyl groups. 
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"Cycloalkyl" means Ca-Cio cycloalkyl groups, examples of 
which include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
cycloheptyl, cyclooctyl, cyclononyl and cyclodecyl groups, 

"CycloalkyMower alkyl" means said lower alkyl groups 
having above cycloalkyl groups, examples of which include 
cyclop ropy Imethyl, 2 -cyclop ropy lethyl, cyclobutylmethyl, 
cyclopentylmethyl, 1-cyclopentylethyl, 2-cyclopentylethyl, 
cyclohexy Imethyl, 1-cyclohexylethyl, 2-cyclohexylethyl, cyclo- 
heptylmethyl and cyclooctylmethyl groups. 

"CycloalkyMower alkyl whose ring portion may be 
substituted with lower alkyl" means either above CycloalkyMower 
alkyl groups or said CycloalkyMower alkyl groups having one, two or 
more, preferably one or two same or different, earlier named lower 
alkyl groups at the optional, substitutable position or positions on the 
cycloalkyl group, examples of which include, besides above- 
exemphfied CycloalkyMower alkyl groups, l"(l-methylcyclopropyO- 
ethyl, 2-(l-methylcyclopropyl)ethyl, (2,2-dimethylcyclopentyl)methyl, 
l-(2,2-dimethylcyclopentyl)ethyl and 2-(2,2-dimethylcyclopentyl)ethyl 
groups, 

"Cycloalkenyl" means Cs'Cio cycloalkenyl groups, examples 
of which include cyclopropenyl, cyclobutenyl, cyclopentenyl, 
cyclohexenyl, cycloheptenyl, cyclooctenyl, cyclononenyl and 
cyclodecenyl groups. 

"Cycloalkeny Mower alkyl" means said lower alkyl groups 
having said cycloalkenyl groups, examples of which include 
cyclopropenylmethyl, cyclobutenylmethyl, cyclop enteny Imethyl, 
cyclohexenylmethyl, cyclohepteny Imethyl, cyclooctenylmethyl, 
cyclononenylmethyl and cyclodecenylmethyl groups. 

"Aralkyl" means said lower alkyl groups having aryl groups 
such as phenyl, naphthyl or anthryl, examples of which include benzyl, 
1-phenylethyl, 2-phenylethyl, 1-naphthylmethyl and 2-naphthyl- 
methyl groups. 

"Anion" means those forming a pair with ammonium ions on 



the compounds of the present invention, which electrically neutralize 
said compounds. While they are not subject to particular limitations 
so long as they are pharmaceutically acceptable, anions formed from 
halogen atoms, inorganic acids, organic sulfonic acids, carboxyHc 
5 acids and the like, such as 

F. Cr. Br", r. 

^S04^ HSO4', ^PO^^-, yHP04^ H2P04-. NOa", CHsOSOg-, 
CH3S03-. CHaCHaSOs-, Q^SOa", 
HCOO', CHgCOO-, (^COO' 

may be named as examples. 

10 "Salts" of the compounds represented by the general formula 

[I] means, for example, those pharmaceutically acceptable and 
customarily used salts of the compounds whose A is expressed by the 
formula [ao], referring to the general formula [I]. As examples of 
such salts, acid addition salts at the positions of basic nitrogen atom 

15 may be named. 

Examples of the acid addition salts include inorganic acid 
salts such as hydrochloride, sulfate, nitrate, phosphate and 
perchlorate; organic acid salts such as maleate, fumarate, tartarate, 
citrate, ascorbate and tnfluoroacetate; and sulfonic acid salts such as 

20 methanesulfonate, isethionate, benzenesulfonate and p-toluene- 
sulfonate. 

"Treating agent" means medicines which are used for 
treatment and/or prophylaxis of various diseases. 

The compounds of the present invention in occasions have 
25 stereoisomers such as optical isomers, diastereoisomers or 

geometrical isomers, depending on the form of the substituents 
therein. The compounds of the present invention cover all of those 
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stereoisomers and their mixtures. 

For more specific disclosures of the compounds of the present 
invention which are represented by the general formula [I], the 
symbols used in said formula [I] are explained in further details in the 
5 following, citing their preferred specific examples. 

A stands for a group of the foilowmg formula [ao] or [bo]: 



R 



60 



[ao] 



Q" 



.R' 



61 



R 



71 



bo] 



10 stands for hydrogen, CrCio alkyl, lower alkenyl, 

cycloalliyl, cycloalkyMower alkyl whose ring portion may be 
substituted with lower alkyl, cycloalkenyMower alkyl or aralkyl. 

Examples of CrCio alkyl groups as R^o include methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, pentyl, 2-methylbutyl, hexyl, 
15 2-methylpentyl, heptyl, octyl and decyl. 

Preferred examples of lower alkenyl group as include 
2-propenyl and 3-butenyl. 

Preferred examples of cycloalkyl group as BP include 
cyclopentyl and cyclohexyl. 
20 Preferred examples of cycloalkyMower alkyl group whose 

ring portion may be substituted with lower alkyl as R^o include 
cyclopropylmethyl, cyclobutylmethyl, 2-(l-methylcyclopropy0ethyl, 
cyclopentylmethyl, (2,2-dimethylcyclopentyl)methyl, 1 -cyclop entyl* 
ethyl, cyclohexylmethyl and 1-cyclohexylethyL 
25 Preferred examples of cycloalkenyMower alkyl group as R^^ 

include cycloheptenyl and cyclononenyl. 

Preferred examples of aralkyl group as R<^^ include benzyl. 
Preferred examples of R'^o include hydrogen, CrCio alkyl, 
cycloalkyl and cycloalkyMower alkyl whose ring portion may be 
30 substituted with lower alkyl, 

R^i and R^i each independently stands for CrCio alkyl, lower 
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alkenyl, cycloalkyl, cycloalkyMower alkyl whose ring portion may be 
substituted with lower alkyl, cycloalkenyl- lower alkyl or aralkyl; or 

and R''^ may together stand for optionally substituted 
trimethylene, tetramethylene, 2-butenylene, pentamethylene, 
5 3-oxapentamethylene or 2, 3 epoxy tetramethylene group, the 

substituent being selected from the group consisting of oxo, hydroxyl; 
lower alkyl and lower alkoxy. 

Preferred examples of CrCio alkyl groups as R^^ and R'^^ 
include CrCe alkyl, in particular, methyl, ethyl, propyl and 
10 2-methylbutyl. 

Preferred examples of lower alkenyl as R^^ and R^^ include 
2-propenyl and 3-butenyl. 

Preferred example of cycloalkyl as R^^ and R"^* is cyclohexyL 
Preferred examples of cycloalkyMower alkyl whose ring 
15 portion may be substituted with lower alkyl as R^^ and R'^^ include 
cyclopropylmethyl, cyclohexylmethyl, cycloheptylmethyl and 
cyclooctylmethyl, in particular, cyclopropylmethyl and 
cyclohexylmethyl, inter aha, cyclopropylmethyl. 

Preferred examples of cycloalkenyMower alkyl as R®^ and R''^ 
20 include cycloheptenylmethyl and cyclononenylmethyl. 

Preferred examples of aralkyl as R^^ and R''^ include benzyl. 
" Trimothvlono Optionally substituted trimethylene . 
tetramethylene, 2-butenylene, pentamethylene, 3-oxapentamethylene 
or 2,3-epoxytetramethylene group, the substituent being selected 
25 from the group consisting of oxo, hydroxyl, lower alkyl and lower 
alkoxy" means unsubstituted trimethylene, tetramethylene, 
[[2-butenylne]] 2-butenvlene . pentamethylene, 3-oxapentamethylene 
or 2,3-expoxytetramethylene; or those having one, two or more, 
preferably one or two substituents which may be same or different, 
30 which are selected from the group consisting of oxo, hydroxyl, lower 
alkyl and lower alkoxy, at optional substitutable position or positions. 

Preferred examples of lower alkyl serviceable as the above 
substituent include methyl, ethyl and propyl, in particular, methyl. 
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Preferred examples of lower alkoxy serviceable as the above 
substituent include methoxy and ethoxy. 

Preferred examples of the above substituents include lower 
alkyl groups. 

5 Among the trimethylene, tetramethylene, 2-butenylene, 

pentamethylene, 3-oxapentamethylene or 2, 3 -epoxy tetramethylene 
groups, for example, tetramethylene, 2-butenylene, pentamethylene 
or 2,3-epoxytetramethylene are preferred. 

Hence, among the optionally substituted trimethylene, 

10 tetramethylene, 2-butenylene, pentamethylene, 3-oxapentamethylene 
or 2,3-epoxytetramethylene represented jointly by R^^ and K^^, those 
preferred include unsubstituted tetramethylene, 2-butenylene, 
pentamethylene and 2,3-epoxytetramethylene; and lower 
alkyl substituted tetramethylene, 2-butenylene, pentamethylene and 

15 2,3-epoxytetramethylene. 

Preferred embodiments of R®^ and R^i include* those wherein 
R^i and R'^^ each independently is selected from CrCio alkyl, lower 
alkenyl or cycloalkyMower alkyl; or R^i and together stand for 
trimethylene, tetramethylene, 2-butenylene, pentamethylene, 

20 3-oxapentamethylene or 2,3-epoxytetramethylene which optionally 
have substituent(s) selected from the group consisting of oxo, hydroxyl, 
lower alkyl and lower alkoxy. More specifically, the preferred 
embodiments include those wherein both R^i and R''^ are methyl, 
ethyl, propyl, 2-propenyl or cyclop ropylme thy 1; R^^ is 

25 cyclohexylmethyl and R''^ is methyl; or R^i and R''^ together form 
tetramethylene, 2-butenylene, pentamethylene or 2,3-epoxytetra- 
methylene group. 

As Q , for example, anions formed from halogen atoms such 
as CI , Br" and I are preferred; 

30 s means 0, 1 or 2; and Q stands for anion, convenient s being 

1. 

Ar^ Ar2 and Ar^ each independently stands for optionally 
substituted phenyl, the substituent being selected from the group 
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consisting of halogen, hydroxyl, lower alkyl, lower alkenyl, lower 
alkoxy, carbamoyl, lower alkylcarbamoyl and di-lower 
alkylcarbamoyl. 

Said "optionally substituted phenyl, the substituent being 
selected from the group consisting of halogen, hydroxyl, lower alkyl, 
lower alkenyl, lower alkoxy, carbamoyl, lower alkylcarbamoyl and 
di-lower alkylcarbamoyl" mean unsubstituted phenyl or phenyl 
having substituent(s) at substitutable, optional position(s), said one, 
two or more, preferably one or two same or different substituents 
being selected from the group consisting of halogen, hydroxyl, lower 
alkyl, lower alkenyl, lower alkoxy, carbamoyl, lower alkylcarbamoyl 
and di-lower alkylcarbamoyl. 

Among the halogen atoms as the substituent, for example, 
fluorine, chlorine and bromine, inter alia, fluorine, are preferred. 

Among the lower alkyl groups as the substituent, for 
example, methyl, ethyl and propyl are preferred. 

Among the lower alkenyl groups as the substituent, for 
example, vinyl, 1-propenyl and 2-propenyl are preferred. 

Among the lower alkoxy groups as the substituent, for 
example, methoxy and ethoxy are preferred. 

Among the lower alkylcarbamoyl groups as the substituent, 
for example, methylcarbamoyl and ethylcarbamoyl are preferred. 

Among the di-lower alkylcarbamoyl groups as the 
substituent, for example, dimethylcarbamoyl and diethylcarbamoyl 
are preferred. 

As the substituent, halogen atoms and lower alkyl groups are 
preferred. 

As Ari, Ar2 and Ar^ , independently of each other, phenyl 
which is optionally substituted with halogen or lower alkyl are 
preferred. In particular, such cases wherein all of them are 
unsubstituted phenyl, or phenyl substituted with halogen, inter aha, 
fluorine, are preferred. 

The suffix k stands for 0 or i; and m and n, each 
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independently, 0, 1 or 2, preferred n being 1 or 2. 

stands for hydrogen or optionally substituted lower alkyl, 
the substituent being selected from the group consisting of hydroxyl, 
amino, carbamoyl, lower alkylcarbamoyl, di-lower alkylcarbamoyl and 
imidazolyl. 

Said "optionally substituted lower alkyl, the substituent 
being selected from the group consisting of hydroxyl, amino, 
carbamoyl, lower alkylcarbamoyl, di-lower alkylcarbamoyl and 
imidazolyl" mean unsubstituted lower alkyl groups as above-named 
or the lower alkyl groups having substituent(s) at substitutable, 
optional position(s), said one, two or more, preferably one or two same 
or different substituents being selected from the group consisting of 
hydroxyl, amino, carbamoyl, lower alkylcarbamoyl, di-lower 
alkylcarbamoyl and imidazolyl. 

Among the above lower alkylcarbamoyl as the substituent, 
for example, methylcarbamoyl and ethylcarbamoyl are preferred. 

Among the di-lower alkylcarbamoyl as the substituent, for 
example, dimethylcarbamoyl and diethylcarbamoyl are preferred. 

Preferred substituents include hydroxyl, amino and 
carbamoyl groups. 

As the Ri lower alkyl, for example, methyl, ethyl and propyl 
are preferred. 

Thus, specific examples of Ri include hydrogen, methyl, ethyl, 
propyl, hydroxymethyl, 2-hydroxyethyl, aminomethyl, 2-aminoethyl, 
carbamoylmethyl, 2-carbamoylethyl, methylcarbamoylmethyl, 
2-methylcarbamoylethyl, dimethylcarbamoylmethyl, 2-dimethyl- 
carbamoylethyl, 4-imidazolylmethyl and 2-(4-imidazolyl)ethyl. Of 
those, hydrogen, methyl, ethyl, propyl, hydroxymethyl, 
2-hydroxyethyl, aminomethyl, 2-aminoethyl, carbamoylmethyl and 
2-carbamoylethyl are preferred, in particular, hydrogen is preferred. 

R2, R3, and R^ each independently stands for hydrogen or 
optionally substituted lower alkyl, the substituent being selected from 
the group consisting of hydroxyl, amino, carbamoyl, lower 
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alkylcarbamoyl, di-lower alkylcarbamoyl and imidazolyl, or R2 and R3, 
or R4 and , may together stand for, independently of each other, 
optionally substituted trimethylene, propenylene, tetramethylene or 
2-butenylene group, the substituent being selected from the group 
consisting of oxo, hydroxyl, amino, lower alkoxy, lower alkanoyloxy, 
lower alkylamino, di-lower alkylamino, (imino-lower alkyDamino, 
lower alkanoylamino, lower alkoxycarbonylamino, (lower 
alkylcarbamoyOamino, lower alkylsulfonylamino, guanidino, lower 
alkoxycarbonyl, carbamoyl, lower alkylcarbamoyl, di-lower 
alkylcarbamoyl, imidazolyl and a group represented by -R"^. 

Said "optionally substituted lower alkyl, the substituent 
being selected from the group consisting of hydroxyl, amino, 
carbamoyl, lower alkylcarbamoyl, di-lower alkylcarbamoyl and 
imidazolyl" mean unsubstituted lower alkyl groups as above-named 
or the lower alkyl groups having substituent(s) at substitutable, 
optional positionoCo) position(s). said one, two ore more, preferably one 
or two same or different substituents being selected from the group 
consisting of hydroxyl, amino, carbamoyl, lower alkylcarbamoyl, 
di-lower alkylcarbamoyl and imidazolyl. 

Among the lower alkylcarbamoyl as the substituent, for 
example, methylcarbamoyl and ethylcarbamoyl are preferred. 

Among the di-lower alkylcarbamoyl as the substituent, for 
example, dimethylcarbamoyl and diethylcarbamoyl are preferred. 

Preferred substituents include hydroxyl, amino, carbamoyl 
and imidazolyl groups. 

As the lower alkyl groups as R2, R3, R4 or Rs, for example, 
methyl, ethyl and propyl are preferred. 

Thus, examples of the optionally substituted lower alkyl as 
R2, R3, R4 or R^are same to those earlier named optionally substituted 
lower alkyl groups as Ri, among which methyl, ethyl, propyl, 
hydroxymethyl, 2-hydroxyethyl, aminomethyl, 2-aminoethyl, 
carbamoylmethyl, 2-carbamoylethyl and 4-imidazolylmethyl, inter 
aha, methyl and 4-imidazolylmethyl, are preferred. 
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Said "optionally substituted trimethylene, propenylene, 
tetramethylene or 2-butenylene group, the substituent being selected 
from the group consisting of oxo, hydroxy 1, amino, lower alkoxy, lower 
alkanoyloxy, lower alkylamino, di-lower alkylamino, (imino-lower 
alkyDamino, lower alkanoylamino, lower alkoxycarbonylamino, 
(lower alky Icarbamoyl) amino, lower alkylsulfonylamino, guanidino, 
lower alkoxycarbonyl, carbamoyl, lower alkylcarbamoyl, di-lower 
alkylcarbamoyl, imidazolyl and a group represented by -R*^" mean 
unsubstituted trimethylene, propenylene, tetramethylene and 
2-butenylene groups, or those having substituent(s) at subs tit utable, 
optional position(s), said one, two or more, preferably one or two same 
or different substituents being selected from the group consisting of 
0X0, hydroxyl, amino, lower alkoxy, lower alkanoyloxy, lower 
alkylamino, di-lower alkylamino, (imino-lower alkyl)amino, lower 
alkanoylamino, lower alkoxycarbonylamino, (lower alkylcarbamoyl)- 
amino, lower alkylsulfonylamino, guanidino, lower alkoxycarbonyl, 
carbamoyl, lower alkylcarbamoyl, di-lower alkylcarbamoyl, imidazolyl 
and a group represented by -R*^. 

Among the lower alkoxy as the substituent, for example, 
methoxy, ethoxy, propoxy and tert-butoxy are preferred. 

Among the lower alkanoyloxy as the substituent, for example, 
acetoxy and propionyloxy are preferred. 

Among the lower alkylamino as the substituent, for example, 
methylamino, ethylamino and propylamino are preferred. 

Among the di-lower alkylamino as the substituent, for 
example, dimethylamino and diethylamino are preferred. 

Among the (imino-lower alkyDamino as the substituent, for 
example, formimidoylamino, acetimidoylamino and propanimidoyl- 
amino are preferred. 

Among the lower alkanoylamino as the substituent, for 
example, acetylamino and propionylamino are preferred. 

Among the lower alkoxycarbonylamino as the substituent, 
for example, methoxycarbonylamino, ethoxycarbonylamino and 
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propoxycarbonylamino are preferred. 

Among the (lower alkylcarbamoyl)amino as the substituent, 
for example, (methylcarbamoyOamino, (ethylcarbamoyOamino and 
(propylcarbamoyDamino are preferred. 

Among the lower alkylsulfonylamino as the substituent, for 
example, methylsulfonylamino, ethylsulfonylamino and 
propylsulfonylamino are preferred. 

Among the lower alkoxycarbonyl as the substituent, for 
example, methoxycarbonyi, ethoxycarbonyl and propoxycarbonyl are 
preferred. 

Among the lower alkylcarbamoyl as the substituent, for 
example, methylcarbamoyl, ethylcarbamoyl and propylcarbamoyl are 
preferred. 

Among di-lower alkylcarbamoyl as the substituent, for 
example, dimethylcarbamoyl and diethylcarbamoyl are preferred. 

stands for optionally substituted lower alkyl group, the 
substituent being selected from the group consisting of hydroxyl, 
amino, carbamoyl, lower alkylcarbamoyl, di-lower alkylcarbamoyl, 
lower alkoxycarbonyl and imidazolyl. 

"Optionally substituted lower alkyl group, the substituent 
being selected from the group consisting of hydroxyl, amino, 
carbamoyl, lower alkylcarbamoyl, di-lower alkylcarbamoyl, lower 
alkoxycarbonyl and imidazolyl" means unsubstituted lower alkyl 
groups as above-named or the lower alkyl groups having 
substituent(s) at substitutable, optional position(s), said one, two or 
more, preferably one or two same or different substituents being 
selected from the group consisting of hydroxyl, amino, carbamoyl, 
lower alkylcarbamoyl, di-lower alkylcarbamoyl, lower alkoxycarbonyl 
and imidazolyl. 

Among the lower alkylcarbamoyl as the substituent, for 
example, methylcarbamoyl, ethylcarbamoyl and propylcarbamoyl are 
preferred. 

Among the di-lower alkylcarbamoyl as the substituent, for 
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example, dimethylcarbamoyl and diethylcarbamoyl are preferred. 

Among the lower alkoxycarbonyl as the substituent, for 
example, methoxycarbonyl, ethoxycarbonyl and propoxycarbonyl are 
preferred. 

As the substituent groups, for example, hydroxyl, amino and 
carbamoyl are preferred. 

As the lower alkyl groups as R'^, for example, methyl and 
ethyl are preferred. 

Hence, preferred examples of R'^ include methyl, ethyl, propyl, 
hydroxymethyl, 2 -hydroxy ethyl, aminomethyl, 2-aminoethyl, 
carbamoylmethyl, 2-carbamoylethyl, methylcarbamoylmethyl, 
2-methylcarbamoylethyl, dimethylcarbamoylmethyl, 2-dimethyl- 
carbamoylethyl, methoxycarbonylmethyl, 2-methoxycarbonylethyl, 
4-imidazolylmethyl and 2-(4-imidazolyl)ethyl. In particular, methyl, 
ethyl, hydroxymethyl, aminomethyl and carbamoylmethyl are 
preferred. 

As the substituent(s) on trimethylene, propenylene, 
tetramethylene or 2-butenylene, oxo, hydroxyl, amino, lower alkoxy, 
lower alkylamino and di-lower alkylamino, inter alia, hydroxyl and 
amino, are preferred. 

Among trimethylene, propenylene, tetramethylene and 
2-butenylene groups, trimethylene is the preferred. 

Accordingly, among those optionally substituted 
trimethylene, propenylene, tetramethylene and 2-butenylene formed 
together by R2 and R3, or R^ and R«, unsubstituted trimethylene and 
hydroxyl- or amino-substituted trimethylene are particularly 
preferred. 

Preferred embodiments of R2 , R3, R4 and R^ include one 
wherein R2, R3, R4 and Rs are hydrogen atoms at the same time; those 
wherein either one of R2 and R3 is hydrogen and the other is an 
optionally substituted lower alkyl, the substituent being selected from 
the group consisting of hydroxyl, amino, carbamoyl, lower 
alkylcarbamoyl, di-lower alkylcarbamoyl and imidazolyl, and both R'* 
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and are hydrogen atoms," and those wherein R2 and , or R^ and R^ 
together stand for, independently of each other, optionally substituted 
trimethylene, the substituent being selected from the group consisting 
of 0X0, hydroxyl, amino, lower alkoxy, lower alkanoyloxy, lower 
alkylamino, di-lower alkylamino, (imino-lower alkyOamino, lower 
alkanoylamino, lower alkoxycarbonylamino, (lower alkoxycarbonyl, 
carbamoyl, lower alkylcarbamoyl, di-lower alkylcarbamoyl, imidazolyl 
and -R'^ (here R' has the earlier defined signification). 

Among the compounds represented by the general formula [I], 
therefore, for example those in which Ar^, Ar^ and Ar^ are each 
independently phenyl which may be halogen- or lower 
alkyl- substituted, n is 1 or 2, s is 1, and R^ is hydrogen, are preferred. 
In particular, the compounds represented by the following general 
formula [l-a]^ 




O r23r3^ O O 

II I I II H II H , 

CH2-C-N— CH-C-N-(CH2)2-C-N-CH2-A^ 



[l-a] 



[wherein A^ stands for a group represented by the formula [ai] 
or [bi] 



r60 Q ^61 

<^ [ai] ~^^R^1 t^il 

R2a and R^^ each independently stands for hydrogen, or 
optionally substituted lower alkyl, the substituent being 
selected from hydroxyl, amino, carbamoyl, lower 
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alkylcarbamoyl, di-lower alkylcarbamoyl and imidazolyl; Rs 
stands for hydrogen, halogen or lower alkyl; R^o, R6i^ R7i and 
Q have the earlier defined significations]; 
the compounds represented by the general formula [l-b]: 




O 0 0 

II H II H II H 

CH2-C-N-(CH2)2-C-N-'CH2-C-N-CH2-A^^ 



[l-b] 



[wherein A^a stands for a group of the formula [ai] 



60 



[ai] ; 



and R8 and R^o have the earlier defined significations]; 
the compounds represented by the general formula [l-c]: 




O O 
II H II H 

CH2-C-N-(CH2)5-C~N-CH2-A^ 



[l-c] 



[in which and have the earher defined significations]; 
the compounds represented by the general formula [l-d]^ 
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o o 

II H II H 

CH2-C-N-(CH2)6-C-N-CH2-A^^ 



[l-d] 



[in which A'^ and have the earlier defined significations]; 
and the compounds represented by the general formula [l-e] 




e4 



CH2-C-N-CH-C N-CH-C-N-(CH2)ni— 



[l-e 



[in which nl stands for 1 or % R^i, Re2^ Re3 and R^^ ^ach 
independently stands for hydrogen, hydroxyl, amino, lower 
alkoxy, lower alkanoyloxy, lower alkylamino, di-lower 
alkylamino, (imino*lower alkyOamino, lower alkanoylamino, 
lower alkoxycarbonylamino, (lower alkylcarbamoyOamino, 
lower alkylsulfonylamino, guanidino, lower alkoxycarbonyl, 
carbamoyl, lower alkylcarbamoyl, di-lower alkylcarbamoyl, 
imidazolyl and a group represented by -R"^; or R^^ and R^^ 
together signify 0x0 group; and A*, R'' and R^ have the earher 
defined significations] 
are preferred. 

Among the compounds represented by the general formula 
[ha], the preferred are those in which R^^ is hydrogen and R^^ is 
hydrogen, methyl, ethyl, propyl, hydroxymethyl, 2-hydroxyethyl, 
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aminomethyl, 2-aminoethyl, carbamoylmethyl, 2-carbamoylethyl or 
4-imidazolylmethyl, in particular, hydrogen or 4-imidazolylmethyl; or 
those in which R2a is methyl and R^^ is hydrogen. 

Among the compounds represented by the general formula 
[I-e], the preferred are those in which R^*, R^^ ^ Res^nd R^^ each 
independently is hydrogen, hydroxyl, amino, methoxy, ethoxy, propoxy, 
tert-butoxy, acetoxy, methylamino, ethylamino, propylamine, 
dimethylamino and diethylamino, or those in which R^i and R^^ 
together form oxo group and R^^ and R^^ both are hydrogen atoms. In 
particular, the compounds in which R^^ is hydroxyl or amino, 
preferably hydroxyl, and R^^^ Res and R'^^ are hydrogen atoms at the 
same time; those in which both R^^ and R^^ are hydroxyl groups and 
both Re2 and R*^^ are hydrogen atoms; or those in which both R^i and 
R^2 are hydroxyl groups and both R^^ and R®'^ are hydrogen atoms are 
advantageous. Inter alia, the compounds where is a group 
represented by the formula [bj, R^^ and R'^i are at the same time 
methyl, ethyl, propyl, 2-propenyl or cyclop ropylme thy 1, in particular, 
ethyl, propyl or cyclop ropy Imethyl; or R^i is cyclohexylmethyl and R^i 
is methyl; or R^i and R'^ together form tetramethylene, 2-butenylene 
or pentamethylene, in particular, tetramethylene or 2-butenylene, can 
be advantageously used. 

Referring to those general formulae [1-a], [l-b], [l-c], [l-d] and 
[|-e], convenient R^ is, for example, hydrogen or halogen, in particular, 
hydrogen or fluorine. 

Now processes for preparing the compounds of the present 
invention are explained. 

The compounds of the present invention can be prepared by 
the following processes or those as shown in working examples, it 
being understood that the preparation processes of compounds of this 
invention are not hmited to those reaction examples. 
Production process 1 

Carboxylic acid of the general formoula [II]- 
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Ar 



.ip, 



Ar^P Rip 0 

I II 
CH— C-OH 



[M] 



Ar^P 



[in which Arip, Ar2p and Ar^P each independently stands for 
optionally substituted phenyl, the substituent being selected 
from the group consisting of halogen, lower alkyl, lower 
alkenyl, lower alkoxy and di-lower alkylcarbamoyl and 
optionally protected hydroxyl, carbamoyl and lower 
alkylcarbamoyl; and R^p stands for hydrogen or optionally 
substituted lower alkyl, the substituent being selected from 
the group consisting of di-lower alkylcarbamoyl, optionally 
protected hydroxyl, amino, carbamoyl, lower alkylcarbamoyl 
and imidazolyl groups] 

or salt or reactive derivative thereof is reacted with a compound of the 

general formula [III]: 



R2p, R3p, R4p and R^p each independently stands for hydrogen or 
optionally substituted lower alkyl, the substituent being 
selected from the group consisting of di-lower alkylcarbamoyl 
and optionally protected hydroxyl, amino, carbamoyl, lower 
alkylcarbamoyl and imidazolyl groups, or R^p and R^p, or R^p 
and R5p, together form, each independently of the other pair, 
optionally substituted trimethylene, propenylene, 



II II II H 

HN-CH-(CH2)k-X-Y-CH-(CH2)m-C-N-{CH2)n— A"P 



[III] 



[in which A^p stands for a group of the formula [aop] 
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tetramethylene or 2-butenylene, the substituent being selected 
from the group consisting of lower alkoxy, lower alkanoyloxy, 
di-lower alkylamino, lower alkoxycarbonyl, di-lower 
alkylcarbamoyl, a group represented by -R^p and optionally 
protected oxo, hydroxyl, amino, lower alkylamino, (imino-lower 
alkyOamino, lower alkanoylamino, lower alkoxycarbonylamino, 
(lower alkylcarbamoyDamino, lower alkylsulfonylamino, 
guanidino, carbamoyl, lower alkylcarbamoyl and imidazolyl 
groups; R'^P stands for optionally substituted lower alkyl, the 
substituent being selected from the group consisting of 
optionally protected hydroxyl, amino, carbamoyl, lower 
alkylcarbamoyl and imidazolyl groups; R^^^p stands for 
imino-protecting group, CrCio alkyl, lower alkenyl, cycloalkyl, 
cycloalkyl-lower alkyl whose ring potion being optionally 
substituted with lower alkyl, cycloalkenyl- lower alkyl or 
aralkyl; and k, m, n, s, X and Y have the earlier defined 
significations] 

or salt thereof, to form a compound represented by the general 
formula [lV-1] 



Ar 



Ar^PR^PQ R^PR^P R^Pr^p q 

I II I I II II H 

-CH-C-N-CH-(CH2)k-X-Y-CH-(CH2)„,-C-N-(CH2)n-A"P I IV-1 ] 

Ar^P 



[in which Aap, Ar^P, Ar2p, Ar^p, k, m, n, Rip, R2p, R3p, R4p^ Rsp^ x 

and Y have the earher defined significations] 
or a salt thereof, and if necessary the protective group(s) are removed 
to produce a compound represented by the general formula [1-1] 



Ar^- 



Ar^ R^ O R^ R^ R^^ R^ O 

I II I I II II H 

-CH-C-N-CH-{CH2)k-X-Y-CH-(CH2)m-C-N-(CH2)n-A" [ 1-1 ] 



Ar^ 
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[in which stands for a group of the formula feo] 



R' 



,60 




[aol; 



Ari, Ar2, Ar3, k, m, n, R2, R3, R4, R5^ rgo^ g, X and Y have the 



earlier defined significations] 
or salts thereof. 

The above production process 1 is the process for producing, 
among the compounds of the present invention which are represented 
by the general formula [I], those in which A in said general formula is 
a group represented by the formula [aoJ 



[in which R^o and s have the earlier defined significations], i.e., 
the compounds expressed by the earlier given general formula [1-1]. 

Where the reactants in the above reaction contain oxo, 
hydroxyl, amino or imino groups which do not participate in the 
reaction, those groups are preferably suitably protected by respective 
protective groups before the reaction, and are deprotected [[afterthe]] 
after the reaction. 

Examples of "oxo-protective group" include acetals and ketals 
such as ethylene ketal, trimethylene ketal and dimethyl ketaL 

Examples of "hydroxyl-protective group" include alkyl such as 
tert-butyl; substituted silyls such as t rime thy Isilyl, tert- 
butyldimethylsilyl and tert-butyldiphenylsilyl; lower alkoxymethyl 
such as methoxymethyl and 2-methoxyethoxymethyl; tetrahydro- 
pyranyl; trimethylsilylethoxymethyl; aralkyl such as benzyl, 
p-methoxybenzyl, [[2,3-dimethyoxybenzyl]] 2.3-dimethoxvbenzvl . 
[[o-nitrogenzyll] o-nitrobenzvl , p-nitrobenzyl and trip henylme thy 1; 



R' 



,60 
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and acyl such as formyl and acetyl. In particular, tert-butyl, benzyl, 
methoxymethyl, tetrahydropyranyl, triphenylmethyl, 
trimethylsilylethoxymethyl, tert'butyldimethylsilyl and acetyl groups 
are preferred. 

5 Examples of "amino- or imino -protective group" include 

aralkyl such as benzyl, p-methoxybenzyl, 3,4-dimethoxybenzyl, 
o-nitrobenzyl, p-nitrobenzyl, benzhydryl and triphenylmethyl; lower 
alkanoyl such as formyl, acetyl, propionyi, butyryl and pivaloyL* 
benzoyl; arylalkanoyl such as phenylacetyl and p he noxy acetyl; lower 

10 alkoxycarbonyl such as methoxycarbonyl, ethoxycarbonyl, 

propyloxycarbonyl and tert'butoxycarbonyl; aralkyloxycarbonyl such 
as benzyloxycarbonyl, p-nitrobenzyloxycarbonyl and phenethyloxy 
carbonyl; lower alkylsilyl such as trimethylsilyl and tert'butyldi- 
methylsilyl; phthaloyl; and aralkylidene such as benzylidene, 

15 p chlorobenzylidene and o-nitrobenzylidene. In particular, acetyl, 
pivaloyl, benzoyl, ethoxycarbonyl, benzyloxycarbonyl and 
tert-butoxycarbonyl groups are preferred. 

The reaction of a carboxyHc acid of the general foromula [II] or 
salt or reactive derivative thereof with a compound expressed by the 

20 general formula [III] or salt thereof is usually carried out using 1-5 
mols, preferably 1-2 mols, of the carboxylic acid of the formula [II] or 
salt or reactive derivative thereof, per mol of the compound of the 
formula [III] or salt thereof. 

"Salt" of said carboxyhc acid of the formula [II] means base addition 
salt at the carboxyl group, examples of which include alkali metal salt 
such as sodium salt and potassium salt; alkaline earth metal salt such 
as calcium salt and magnesium salt; ammonium salt; and organic 
amine salt such as trimethylamine salt, trie thy lamine salt, 
dicyclohexylamine salt, ethanolamine salt, diethanolamine salt, 
triethanolamine salt, procaine salt and 

[ [N, N- dibe nzy le thy le ne diamine] ] N.N' - dibe nz vie th vlene diamine 
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salt. 

Examples of "reactive derivative" of the carboxylic acid of the 
formula [II] are mixed acid anhydrides, active esters and active 
amides. 

5 Where said carboxylic acid of the formula [II] or salt thereof is 

used in the reaction, the reaction is preferably carried out in the 
presence of a condensing agent such as, for example, N,N'-dicyclo- 
hexylcarbodiimide, l-ethyl-3-(3-dimethylaminopropyl)carbodiimide, 
diphenylphosphoryl azide and dipyridyldisulfide-triphenylphosphin, 
10 in particular, l-ethyl-3-(3-dimethylaminopropyDcarbodiimide 
hydrochloride. 

The use rate of the condensing agent is not strictly limited, 
while it is usually in the range of 1-5 mols, preferably 1-2 mols, per 
mol of the carboxylic acid of the formula [II] or salt thereof. 

15 The reaction is usually carried out in an inert solvent, 

examples of which include diethyl ether, tetrahydrofuran, 
N,N-dimethylformamide, dioxane, benzene, toluene, chlorobenzene, 
methylene chloride, chloroform, carbon tetrachloride, dichloroethane 
and trichloroethylene; and mixtures of those solvents. In particular, 

20 diethyl ether, tetrahydrofuran, N,N-dimethylformamide, chloroform 
and dioxane are preferred. 

The reaction temperature usually ranges from ~70'C to the 
boihng point of the solvent used in the reaction, preferably -20°C - 
lOOV, 

25 The reaction time usually ranges from 5 minutes to 7 days, 

preferably from 10 minutes to 24 hours. 

The reaction may also be carried out in the presence of a base, 
for smooth progress of the reaction. 

Examples of useful base include ahphatic tertiary amine such 
30 as trie thy lamine and diisopropylethylamine; and aromatic amines 
such as pyridine, 4-dimethylaminopyridine and quinohne. Of those, 
trie thy lamine and 4-dimethylaminopyridine are preferred. 

The use rate of said baoocan base can be within a range of 1-5 
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mols, preferably 1-2 mols, per mol of the carboxylic acid expressed by 
the formula [II] or salt or reactive derivative thereof. 

Mixed acid anhydride of carboxylic acid of the formula [II] can 
be obtained by reacting carboxyhc acid of the formula [ll] with, for 
example, alkyl chlorocarbonate such as ethyl chlorocarbonate; 
aliphatic carboxylic acid chloride such as acetyl chloride, pivaloyl 
chloride and the like, according to usual method. 

Active esters of carboxyhc acid of the formula [II] can be 
obtained by reacting the carboxylic acid of said formula [II] with, for 
example, an N-hydroxy compound such as N-hydroxysuccinimide, 
N-hydroxyphthahmide or 1-hydroxybenzotriazole; or a phenol 
compound such as 4-nitrophenol, 2,4-dinitrophenol, 2,4,5-trichloro- 
phenol, pentachlorophenol or the hke; in the presence of a condensing 
agent, e.g., N,N'-dicyclohexylcarbodiimide, l-ethyl-3-(3-dimethyl- 
aminopropyDcarbodiimide hydrochloride, diphenylphosphoryl azide 
or dipyridyl disulfide-triphenylphosphine, according to usual method. 

Active amide of the carboxyhc acid of the formula [II] can be 
obtained by reacting the carboxyhc acid of formula [II] with 
l,l*'carbonyldiimidazole, l,l'-carbonylbis(2-methyHmidazole) or the 
like according to usual methods. 

After completion of the reaction, ordinary treatment is given 
to provide crude product of a compound expressed by the general 
formula [IV- 1], which is optionally purified according to usual method 
and further if necessary subjected to a reaction for removing 
protective group(s) of oxo, hydroxyl, amino or imino, to provide a 
compound of the formula [l-l]. 

Method for removing the protective group(s) differs depending 
on the kind of the protective group and stability of the object 
compound [l-l], but those methods known per se may be employed, for 
example, those taught in Protective Groups in Organic Svnthesis . T.W. 
Greene, John Wiley & Sons Co. (1981) or methods analogous thereto, 
for example, solvolysis using an acid or base, that is, using for 
example 0.01 mol - a large excess of an acid, preferably trifluoroacetic 
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acid, formic acid, hydrochloric acid or the Uke, or an equimolar or 
largely excessive amount of a base, preferably potassium hydroxide, 
calcium hydroxide or the likeJ chemical reduction using hydrogenated 
metal complex or catalytic reduction using palladium-carbon catalyst 
5 or Raney nickel catalyst. 
Production process 2 

By following the steps of reacting a compound expressed by 
the following general formula [lV-1a]^ 



I II I I II II H 

-CH-C~N-CH-(CH2)k-X-Y-CH-(CH2)rn-C-N-(CH2)n-A^^ [ IV-1a 



10 Ar 



.3p 



16 



[in which signifies a group represented by the formula 

[aoJ 



_ N 
^ [aoal ; 



Arip, Ar2p, Ar3p, k, m, n, Rip, R2p, R3p, R4p, R5p^ g, X, and Y have 
the earher defined significations] 
20 or a salt thereof, with a compound of a general formula [V] 

0=r6^« [V] 

[in which R<^i» signfies CrCio alkylidene, lower alkenyhdene, 
25 cycloalkylidene, cycloalkyl lower alkylidene whose ring portion 

may be substituted with lower alkyl, cycloalkenyl lower 

alkylidene or aralkylidene] 
under reducing conditions to form a compound of a general formula 
[IV-1b]: 

30 
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Ar^P- 



Ar^PR^PQ R'pr'p R'Pr''' O ^ 

-CH-C-N-CH-(CH2)k-X-Y-CH-(CH2)m-C-N-(CH2)n--A^^ [ IV-1 b ] 



Ar 



.3p 



[in which A^^ signifies a group represented by the formula [aoJ 



361b 



[aobl ; 



10 



R6ib signifies CrCio alkyl, lower alkenyl, cycloalkyl, cycloalkyl- 
lower alkyl whose ring portion may be substituted with lower 
alkyl, cycloalkenyl-lower alkyl or aralkyl; Ar^P, Ar^p, Ar^p, k, m, n, 
Rip, R2p, R3p, R4p, R5p, s, X, and Y have the earlier defined 
significations] 

or a salt thereof, and if necessary removing the protective groups, a 
compound of the general formula [1-2] ^ 
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Ar^ R^ O R^ R^ 



R^ R^ 



Ar^ 



O 

-CH-C-N-CH-(CH2)k-X-Y-CH-{CH2)m-C-N-(CH2)n-A''' [ t-2 ] 



Ar^ 



[in which A^^ Ari, Ar2, Ar^, k, m, n, Ri, R2, R3, R^, Rs, s, X and 
20 Y have the earlier defined significations] 

or a salt thereof can be produced. 

The production process 2 is a process for producing, among 
the compounds of the present invention represented by the general 
formula [I], those in which A is the group expressed by the formula 
25 [aob]- 
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[aob] 



[in which R^^^ and s have the earlier defined significations], 
i.e., the compounds expressed by the general formula [l-2]. 

5 Said "CrCio alkylidene, lower alkenylidene, cycloalkyhdene, 

cycloalkyMower alkyhdene whose ring portion may be substituted 
with lower alkyl, cycloalkenyl* lower alkyhdene or aralkyhdene" as 
R<5ia mean those which are capable of becoming the corresponding 
"Ci-Cio alkyl, lower alkenyl, cycloalkyl, cycloalkyMower alkyl whose 

10 ring portion may be substituted with lower alkyl, cycloalkenyMower 
alkyl or aralkyl", respectively, after completion of the above reaction. 

The reaction of a compound represented by the general 
formula [IV- la] or a salt thereof with a compound represented by the 
general formula [V] under reducing conditions is a so-called reductive 

15 alkylatin alkvlation reaction of an amino group, and conducted using 
a mol or molar excess, preferably 1-2 mols, of the compound of the 
general formula [V] per mol of the compound of the general formula 
[IV- la] or salt thereof, in the presence of a reducing agent or under 
catalytic redution, in an inert solvent which has no adverse effect on 

20 the reaction. 

As the inert solvent, for example, alcohols such a methanol or 
ethanol; ethers such as diethyl ether, methyl tert-butyl ether, 
tetrahydrofuran or dioxane; aromatic hydrocarbons such as benzene 
or toluene; halogenated hydrocarbons such as dichloroethaneJ or their 

25 mixtures can be named, in particular, methanol, ethanol, 
tetrahydrofuran, dichloroe thane or toluene being preferred. 

Where the reaction is carried out in the presence of a 
reducing agent, examples of useful reducing agent include complex 
metal hydrides such as sodium boron hydride, sodium cyanoboron 

30 hydride, aluminium Hthium hydride, aluminium diisobutyl hydride 
and sodium triacetoxyboron hydridei in particular, sodium boron 

30 



hydride, sodium cyanoboron hydride or sodium triacetoxyboron 
hydride being preferred. 

The use rate of said reducing agent is usually a mol to molar 
excess, preferably 1-10 mols, per mol of the compound represented by 
5 the general formula [IV-la] or salt thereof. 

The reaction temperature usually ranges from about -SO^'C 
to about 200°C, preferably from about 0°C to 100°C; and the reaction 
time usually ranges from an instant to 7 days, preferably from an 
instant to 24 hours. 
10 Where the reaction is carried out under catalytic reduction, 

for example, palladium-carbon catalyst, Raney nickel catalyst or the 
like is used as the catalyst. 

The hydrogen pressure in the catalytic reduction reaction is 
usually and conveniently from atmospheric to 2 atmospheres, and the 
15 use rate of the catalyst is usually from 1/100 to 1, preferably 1/100 - 
1/10 by weight to the starting compound [IV- la]. 

The reaction temperature usually ranges from about ■30°C to 
50°C, preferably from about O^C to room temperature, and the 
reaction time usually ranges from an instant to 7 days, preferably 
20 from an instant to 24 hours. 

As the means of reduction in this reaction, the above- 
described reduction method using the complex metal hydride is 
convenient. 

This reaction may be conducted under weakly acidic 
25 conditions, in which Schiff base is easily formed. As examples of acid 
useful for pH control for that purpose include p -toluene sulfonic acid, 
hydrochloric acid, sulfuric acid, acetic acid and trifluoroacetic acid. 

In this step it is also possible not to conduct the reaction in 
the presence of a reducing agent or under catalytic reduction, but to 
30 first react a compound of the general formula [IV- la] or salt thereof 
with a compound of the general formula [V] to form an imine in 
advance, and then to subject said imine to a reducing reaction. 

In the above reaction where such groups as oxo, hydroxyl. 
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amino or imino which do not participate in the reaction are present in 
the reactants, it is desirable to suitably protect them with protective 
groups of 0X0, hydroxy 1, amino or imino, respectively, before the 
reaction and to remove the protective groups aftortho after the 
5 reaction. 

As the protective groups suitable for oxo, hydroxyl, amino or 
imino, those respective protective groups as described in relation to 
the production process 1 are applicable as they are. 

Upon completion of the reaction, after removing the 
10 protective groups in the compound of the general formula [iV-lb] 

where they are present; or where no protective group is present in the 
product, without such an intervening treatment, the product is 
processed in the usual manner to produce a compound of the general 
formula [1-2]. 

15 For removing the protective groups and conducting the 

post-treatment, those methods as described as to the production 
process 1 are appHcable. 
Production process 3 

By following the steps of reacting a compound of the general 

20 formula [!V-1a]: 



-CH-C-N-CHiCH2)k-X-Y-CH-(CH2)rn-C-N-(CH2)n-A'' [ I V-1 a ] 



Ar^P 



[in which Ar^P, Ar2p, Ar^P, k, m, n, Rip, R2p, R3p, R4p, Rsp, 
25 X and Y have the earher defined significations] 

or a salt thereof with a compound of the general formula [VI-1] 

Ll_R61b [VM] 

30 [in which signifies a leaving group, and R^^^ has the 

earlier defined signification] 
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to form a compound expressed by the general formula [IV- lb] 



-CH-C-N-CH-(CH2)k-X-Y-CH-(CH2)m-C-N-(CH2)n-A''' [ I V-1 b ; 



Ar^P 



[in which A^^, Arip, Ar2p, Ar^p, k, m, n, RIp, R2p, R3p, R4p, Rsp, 
X and Y have the earlier defined significations] 

or salt thereof, and if necessary removing the protective groups, a 

compound of the general formula [1-2] 



10 



Ar^ 



Ar^ R^ O r2 R^ R^ r5 O 

I il I I II II H 3, 

-CH-C-N-CH-(CH2)k-X-Y-CH-(CH2)m-C-N-(CH2)n-A^ [ 1-2 ] 



Ar^ 



[in which Aab, Ar^, Ari, Ar2, Ar^, k, m, n, Ri, R2, R3, R4, Rs, g, X 
and Y have the earher defined significations] 
or salt thereof can be produced . 
15 The production process 3 is a method for producing the 

compounds expressed by the general formula [1-2], same as above 
production process 2. 

Examples of "leaving group" expressed by include halogen 
atoms such as chlorine, bromine and iodine; alkylsulfonyloxy groups 
20 such as methylsulfonyloxy; or arylsulfonyloxy groups such as 
p-toluenesulfonyloxy. 

The reaction of a compound of the general formula [IV-la] or 
a salt thereof with a compound of the general formula [IV- 1] is usually 
conducted using a mol or molar excess, preferably 1-2 mols, of the 
25 compound of the formula [VI -l] per mol of the compound of formula 
[IV-la] or salt thereof, in an inert solvent which is not detrimental to 
the reaction. 

As such inert solvent, for example, ethers such as diethyl 
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ether, tetrahydrofuran and dioxaneJ aromatic hydrocarbons such as 
benzene, toluene, chlorobenzene and xylene; and aprotic polar 
solvents such as dimethylsulfoxide, N,N-dimethylformainide, 
acetonitrile and hexamethylphosphoric triamide; or mixtures of the 

5 foregoing can be used. 

For smooth progress, the reaction may be carried out in the 
presence of base and/or a reaction assistant. 

As the base, for example, alkah metal bicarbonates such as 
sodium hydrogencarbonate and potassium hydrogencarbonate; alkali 

10 metal carbonates such as sodium carbonate and potassium carbonate; 
tertiary ahphatic amines such as trimethylamine, trie thy lamine, 
N,N-diisopropylethylamine, N-methylmorphohne, N-methylpyr- 
rolidine, N-methylpiperidine, N,N- dime thy laniline, 1,8-diazabicyclo- 
[5.4.0]undec-7-ene (DBU) and l,5-diazabicyclo[4.3.0]non-5-ene (DBN); 

15 and aromatic amines such as pyridine, 4-dimethylaminopyridine, 
picoline, lutidine, quinoline and isoquinoline can be used. Of those, 
potassium carbonate, N,N-diisopropylethylamine and triethylamine 
are preferred. 

The use rate of the base is usually a mol or molar excess, 
20 preferably 1-3 mols, per mol of the compound of the formula [iV-la]. 

As assistant useful for the reaction, for example, alkali metal 
iodides such as Hthium iodide, sodium iodide and potassium iodide 
may be named. Of these, potassium iodide is preferred. 

The use rate of the assistant is usually from catalytic to 
25 excessive amount, preferably from catalytic amount to one equivalent, 
to the compound of the formula [IV- la]. 

The reaction temperature may usually range from about 0°C 
to the boiling point of the solvent used in the reaction, and the 
reaction time may usually range from 10 minutes to 48 hours. 
30 In the above reaction where such groups as oxo, hydroxyl, 

amino or imino which do not participate in the reaction are present in 
the reactants, it is desirable to suitably protect them with protective 
groups of 0X0, hydroxyl, amino or imino, respectively, before the 
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reaction and to remove the protective groups aftortho after the 
reaction. 

As the protective groups suitable for oxo, hydroxyl, amino or 
imino, those respective protective groups as described in relation to 
5 the production process 1 are apphcable as they are. 

Upon completion of the reaction, after removing the 
protective groups in the compound of the general formula [IV- lb] 
where they are present; or where no protective group is present in the 
product, without such an intervening treatment, the product is 
10 processed in the usual manner to produce a compound of the general 
formula [1-2]. 

For removing the protective groups and conducting the 
post-treatment, those methods as described as to the production 
process 1 are applicable 
15 Production process 4 

By following the steps of reacting a compound of the general 
formula [VI-2]: 



20 



Pj71a_L2 [VI-2] 



[in which L2 signifies a leaving group; R'^^* signifies Ci-Cio 
alkyl, lower alkenyl, cycloalkyl, cycloalkyMower alkyl whose 
ring portion may be substituted with lower alkyl, 
cycloalkenyMower alkyl or aralkyl] 
25 or a salt thereof with a compound of the general formula [I V-1 bl : 



Ar 



-CH-C-N-CH'(CH2)k-X-Y-L-(CH2)^-C-N-^ [ iV-1b ] 



Ar 



.3p 



[in which A«b Arip, Ar2p, Ar^p, k, m, n, Rip, R2p, R3p, R^p, R^p, s, 
30 X and Y have the earUer defined significations] 

or a salt thereof, to form a compound expressed by the general 
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formula [lV-2]: 



61b 



Ai^PR^PQ R^pR^p R^PR^p O R' 

I II I I II II H 

CH-C-N-CH-(CH2)-X-Y-CH-(CH2)m-C-N-(CH2)n-^\p7ia 



Ar^P 



[IV-2 



10 



[in which Z~ signifies anion; Ar^P, Ar2p, Ar^p, k, m, n, R^p, R^p, 
R3p, R4p, R5P, R6ib^ R7ia^ X and Y have the earlier defined 
significations] 

and if necessary removing the protective group(s) and/or exchanging 
the anion, a compound of the general formula [1-3] * 



Ar^ 



Ar^ R^ O R^ R^ R^ R^ 0 

-CH-C-N-CH-(CH2)irX-Y-CH-(CH2)m-C-N-(CH2)n— A^' [ 1-3 



Ar^ 



15 



[in which A**^ signifies a group expressed by the formula [boa] 
Q" 



361b 



i^\p71a [boal; 



Ari, Ar2, Ar3, k, m, n, R\ R3, R^ Rs, R6ib, R7ia^ g, X, Y and 

Q have the earUer defined significations] 
20 can be produced. 

The production process 4 is a method for producing, among 
the compounds of the present invention represented by the general 
formula [I], those in which A is a group expressed by the formula [boa]- 
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[in which R^^*', R^i^, s and Q have the earlier defined 

significations], 

5 i.e., the compounds represented by the general formula [l-3]. 

As the "leaving group" expressed by L^, those leaving groups 
exemplified as in the production process 3 are equally applicable. 

In the above reaction where such groups as oxo, hydroxyl, 
amino or imino which do not participate in the reaction are present in 
10 the reactants, it is desirable to suitably protect them with protective 
groups of 0X0, hydroxyl, amino or imino, respectively, before the 
reaction and to remove the protective groups aftortho after the 
reaction. 

As the protective groups suitable for oxo, hydroxyl, amino or 

15 imino, those respective protective groups as described in relation to 
the production process 1 are applicable as they are. 

The reaction of a compound expressed by the general formula 
[VI -2] or salt thereof with a compound of the general formula [IV- lb] or 
salt thereof is usually carried out using a mol or molar excess, 

20 preferably a large molar excess, of the compound of formula [VI -2] or 
salt thereof, per mol of the compound of the formula [IV- lb] or salt 
thereof, in the absence of a solvent or in an inert solvent which is not 
detrimental to the reaction, non-use of solvent being preferred. 

As such inert solvent, for example, ethers such as diethyl 

25 ether, tetrahydrofuran and dioxane; aromatic hydrocarbons such as 
benzene, toluene, chlorobenzene and xylene; halogenated hydro- 
carbons such as chloroform, dichloromethane and dichloroethane; and 
aprotic polar solvents such as dimethyl sulfoxide, N,N-dimethylform- 
amide, acetonitrile and hexamethylphosphoric triamide; or mixtures 

30 of the foregoing can be used, in particular, chloroform and acetonitrile 
being preferred. 
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For smooth progress, the reaction may be carried out in the 
presence of base and/or a reaction assistant. 

As the base, for example, alkali metal bicarbonates such as 
sodium hydrogencarbonate and potassium hydrogencarbonateJ alkali 
5 metal carbonates such as sodium carbonate and potassium carbonate; 
tertiary aliphatic amines such as trimethylamine, diethylamine, 
triethylamine, N,N-diisopropylethylamine, N-methylmorpholine, 
N-methylpyrrohdine, N-methylpiperidine, N,N-dimethylanihne, 
l,8-diazabicyclo[5.4.0]undec'7-ene (DBU) and l,5-diazabicyclo[4.3.0]- 
10 non-5-ene (DBN); and aromatic amines such as pyridine, 4-dimethyl- 
aminopyridine, picohne, lutidine, quinoline and isoquinoline can be 
used. Of those, potassium carbonate, diethylamine, triethylamine 
and N,N-diisopropylethylamine are particularly suitable. 

The use rate of the base is usually a mol or molar excess, 
15 preferably 1-3 mols, per mol of the compound of the formula [IV- lb] . 

As assistant useful for the reaction, for example, alkah metal 
iodides such as hthium iodide, sodium iodide and potassium iodide 
may be named. Of these, potassium iodide is preferred. 

The use rate of the assistant is usually from catalytic to 
20 excessive amount, preferably from catalytic amount to one equivalent, 
to the compound of the formula [IV- lb]. 

The reaction temperature may usually range from about O'C 
to the boihng point of the solvent or reagent used in the reaction, 
preferably from 20'C to the boiling point of the solvent or reagent 
25 used in the reaction, and the reaction time may usually range from 10 
minutes to 48 hours, preferably 1*10 hours. 

Upon completion of the reaction, after removing the 
protective groups in the compound of the general formula [IV- 2] where 
they are present; or where no protective group is present in the 
30 product, without such an intervening treatment, the product is 

processed in the usual manner to produce a compound of the general 
formula [I -3]. 

For removing the protective groups and conducting the 
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post-treatment, those methods as described as to the production 
process 1 are applicable. 

ThoooGompounds Those compounds of the general formula 
[1-3] are isolated as those having a certain or more than one kind of 
5 anions, and thcroaftortho thereafter the anions can be changed to 
other desired anions. 

As the method of changing anions, for example, one 
comprising adsorbing the formula [I -3] compound onto a column filled 
with an adequate carrier, treating the same with a salt of an acid 
10 having an excess of desired anions, and eluting the intended formula 
[I -3] compound as formed. 
Production process 5 

By following the steps of reacting a compound of the 
general formula [VII]: 



15 



25 



|_3_p71bp_|_4 [VII 



[in which and L'* each independently signifies a leaving 
group, and R'^^^^p signifies optionally substituted trimethylene, 
20 tetramethylene, 2-butenylene, pentamethylene, 3-oxapenta- 

methylene or 2,3-epoxytetramethylene, the substituent being 
selected from the group consisting of lower alkyi, lower 
alkoxy, and optionally protected oxo and hydroxyU 
or a salt thereof with a compound of a general formula [IV-1a] 



Ar 



-CH-C-N-CH-(CH2)k-X"Y-CH-(CH2WC-N-(CH2)n-A^^ [ lV-1 a 



Ar 



.3p 



[in which Ar^P, Ar2p, Ar^p, k, m, n, R^p, R^p, R3p, R^p, R^p, s, 
X and Y have the earher defined significations] 
30 or a salt thereof, to form a compound of the general formula [IV-3] 
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Ar 



t II I I II II H 

CH-C-N-CH-(CH2)rX-Y-CH-(CH2)m-C-N-(CH2)n-^^- 

z 

[IV-3] 



CR71bP 



Ar^P 



[in which Arip, Ar2p, Ar^P, k, m, n, Rip, R2p, R3p, R4p, R5p^ R7ibp^ 
s, X , Y and Z have the earher defined significations] , 
5 and if necessary removing protective groups and/or exchanging the 
anion, a compound expressed by the general formula [1-4]- 



Ar^ R^ O R^ R^ 



Ar^ 



R^ R^ 



O 

II II H 

■CH-C-N-CH-(CH2)k-X-Y-CH-(CH2)m-C-N-(CH2)n-A^^ [ 1-4 ] 



aP 



10 



15 



[in which A'''' signifies a group expressed by the formula [bob]- 
Q" 

[bobl ; 



Ari, Ar2, Ar^, Ri, R2, R3, R4, R5^ R7ib^ k, m, s, X , Y and Q have 
the earlier defined significations] 
can be produced. 

The production process 5 is a method for producing, among 
the compounds of the present invention represented by the general 
20 formula [I], those in which A is a group expressed by the formula [bob]- 



Q" 



[bob] 



[in which R'"', s and Q have the earlier defined 
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significations], 

i.e., the compounds represented by the general formula [1-4]. 

As the "leaving group" expressed by or L^, those 
exemplified as in the production process 3 are applicable 
5 independently of each other. 

In the above reaction where such groups as oxo, hydroxyl, 
amino or imino which do not participate in the reaction are present in 
the reactants, it is desirable to suitably protect them with protective 
groups of 0X0, hydroxyl, amino or imino, respectively, before the 
10 reaction and to remove the protective groups aftortho after the 
reaction. 

As the protective groups suitable for oxo, hydroxyl, amino or 
imino, those respective protective groups as described in relation to 
the production process 1 are apphcable as they are. 

15 The reaction of a compound expressed by the general 

formula[IV-la] or salt thereof with a compound of the general formula 
[VII] or salt thereof is usually carried out using a mol or molar excess, 
preferably 1-5 mols, of the compound of the formula [VII] or salt 
thereof, per mol of the compound of the formula [IV- la] or salt thereof, 

20 in an inert solvent which is not detrimental to the reaction. 

As such inert solvent, for example, ethers such as diethyl 
ether, tetrahydrofuran and dioxanei aromatic hydrocarbons such as 
benzene, toluene, chlorobenzene and xylene I halogenated 
hydrocarbons such as chloroform, dichloromethane and 

25 dichloroethane; and aprotic polar solvents such as dimethyl sulfoxide, 
N,N-dimethylformamide, acetonitrile and hexamethylphosphoric 
triamideJ or mixtures of the foregoing can be used, among which 
chloroform and acetonitrile are preferred. 

For smooth progress, the reaction may be carried out in the 

30 presence of base and/or a reaction assistant. 

As the base, for example, alkaU metal bicarbonates such as 
sodium hydrogencarbonate and potassium hydrogencarbonatei alkah 
metal carbonates such as sodium carbonate and potassium carbonate; 
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tertiary aliphatic amines such as trimethylamine, diethylamine, 
triethylamine, N,N-diisopropylethylamine, N-methylmorphoUne, 
N-methylpyrrohdine, N-methylpiperidine, N,N-dimethylaniline, 
l,8-diazabicyclo[5.4.0]undec-7-ene (DBU) and 1,5-diazabicyclo- 
5 [4.3.0]non-5-ene (DBN); and aromatic amines such as pyridine, 
4-dimethylaminopyridine, picoline, lutidine, quinoline and 
isoquinoline can be used. Of those, potassium carbonate, diethyl- 
amine, triethylamine and N,N-diisopropylethylamine are preferred. 

The use rate of the base is usually a mol or molar excess, 
10 preferably 1-3 mols, per mol of the compound of the formula [IV-la]. 

As assistant useful for the reaction, for example, alkali metal 
iodides such as lithium iodide, sodium iodide and potassium iodide 
may be named. Of these, potassium iodide is preferred. 

The use rate of the assistant is usually from catalytic to 
15 excessive amount, preferably from catalytic amount to one equivalent, 
to the compound of the formula [IV-la]. 

The reaction temperature may usually range from about 0°C 
to the boiling point of the solvent or reagent which is used in the 
reaction, preferably from 20*'C to the solvent or reagent used in the 
20 reaction, and the reaction time may usually range from 10 minutes to 
48 hours, preferably 1-10 hours. 

Upon completion of the reaction, after removing the 
protective groups in the compound of the general formula [IV- 3] where 
they are present; or where no protective group is present in the 
25 product, without such an intervening treatment, the product is 

processed in the usual manner or if necessary exchanged of the anions 
therein to produce a compound of the general formula [l-4]. 

For removing the protective groups and other post- 
treatments, those methods as described in the explanation of the 
30 production process 1 are apphcable as they are, and for changing 
anions, the method as described as to above production process 4 is 
apphcable as it is. 

Isolation and purification of thoocGompoundo those 
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compounds of the general formulae [l-l], [l-2], [l-3] or [l-4] which are 
obtained in above processes can be accomplished by customarily 
practiced separation means such as column chromatography using 
silica gel, adsorptive resins and the Hke, thin-layer chromatography, 
Uquid chromatography, solvent extraction or 
recrystalHzation-reprecipitation, appHed singly or in combination. 

Compounds of the general formula or [1-2] are 
convertible to pharmaceutically acceptable salts by customary means 
and conversely, conversion from the salts to free compounds can also 
be conducted following customary means. 

As tho G ocomp oundo those compounds represented by general 
formulae [II], [III], [iV-la], [V], [Vl-l], [VI-2] or [Vll], commercial 
products may be used, or they can be prepared by methods which are 
described in Hterature references (cf M. Bodansky and M.A. Ondetti, 
Peptide Svnthesis . Interscience, New York, 1966; KM. Finn and K. 
Hofmann, The Proteins , Vol. 2, ed. by H. Nenrath and R. L. Hill, 
Academic Press Inc., New York, 1976; Nobuo Izumiya, et al., Peptide 
Gosei (synthesis), Maruzen Co., 1975; and Official Patent KOKAI 
(laid-open) Gazette, KOKAI No. Sho 62(l987)-2 15588), methods 
analogous to the above, methods described in the following or those 
used in working and referential examples given in this specification. 
Production method A 
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r4p pj5p 



pi- Y^- CH- (CH2)m- C- OH 1 



H2N-(CH2)n— Qj_p2 2 



0 



p4p p5p 

t Ja ' II H 

pt_Ya_cH-(CH2)^-C-N-(CH2)n— lj_p 



_d2 3 



r4p p5p 



removal of P 
O 

H 



P'-Y^-CH-(CH2U-C-N-(CH2)„— i^j^lj^ 4 



r4p p,5p 



0=r61« [V] 



pi- Y^- CH- (C H2)m- C- N- (CH2)n- 



p.4p p5p 



removal of P 
O 

" H 



H-Y^--CH-(CH2)m-C-N-(CH2)n— ^^_R61b 



^_i4„-.c„„.-x.o„ 

R'^P R^P O 



r2P r3P 



H 



P^'-N— CH-(CH2)k-X^-Y^-CH-(CH2)m-C-N-(CH2), 



r2p r3p 



removal of P^ 



r4p p5p 



o 



HN— CH- (CH2)k-X^- Y^- CH- (CHj^- C- N- (CH2)n 
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[in the above formulae, and signify protective groups of 
amino or imino group," P^ signifies a protective group of imino 
group; signifies carbonyl group; signifies nitrogen atom; 
and k, m, n, R2p, R3p, R^p, R5p, R6ia^ Rsib ^nd s have the earher 
5 defined significations]. 

This production method is that for producing the compounds 
represented by the general formula [lll-l], according to which the 
compounds of the general formula [lll-l] can be produced by the steps 
of having a compound of the general formula 2 act on a compound of 
10 the general formula 1 to form a compound of the general formula 3; 
removing therefrom the protective group P^ to form a compound 4 on 
which a compound of the general formula [V] is acted to form a 
compound of the general formula 5; removing therefrom the protective 
group Pi to form a compound 6 on which a compound of the general 
15 formula 7 is acted to form a compound of the general formula 8; and 
finally removing therefrom the protective group P^. 

The step of preparing a compound 3 from a compound 1 and 
that of preparing a comound 3 from a compound 1 can each be 
conducted similarly to the step in the production process 1 of reacting 
20 a carboxylic acid of the general formula [II] or salt or reactive 

derivative thereof with a compound of the general formula [III] or salt 
thereof, and hence the reaction conditions earlier described about the 
reaction can be applied. 

As examples of the protective groups P\ P^ or P^ for amino or 
25 imino group, those used as to the production process 1 can be named. 
Steps for removing said protective groups can each be 
conducted following those methods taught in the literature references 
cited in respect of said production process 1. 

The step of producing a compound 5 from a compound 4 can 
30 be conducted in the manner similar to the step of reacting a compound 
of the general formula [IV-la] or salt thereof with a compound of the 
general formula [V] in the production process 2, and hence similar 
conditions are appHcable as the reaction conditions. 
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Furthermore, as thoooGompounds those compounds 
expressed by the general formulae 1, 2 or 7, either thooochomicQlo 
those chemicals on the market may be used or they may be prepared 
according to known processes, those described in the working or 
referential examples given in this specification or those analogous 
thereto, if necessary in suitable combinations. 
Production method B 



10 



I I II H ^ 

pi_Y«-CH-(CH2)„,-C-N-(CH2)n— C^lj_p2 3 

removal of 
R'Piji'P T o 
H-Y^-CH-(CH2)^-C-N-(CH2)n— ^N_p2 9 



r2p r3p 

P^- N— CH- (CH2)k— X^- OH Z 



p2p r3P 



r4p p5p 



H 



P^-N~CH-(CH2)-X^-Y^-CH-(CH2)„-C-N-(CH2)n— ^^_p2 



r2p r3p 



removal of P^ 



r4p p5p 



O 



HN— CH- (CH2)k-X^- Y^- CH- (CH2)m- C- N- (C H2)n- 



<^Js)— p2 



10 



[111-2] 



[in which k, m, n, ?\ F\ R2p, R3p, R^p, rsp^ g, and 
have the earher defined significations]. 

This production method is that for preparing the compounds 
represented by the general formula [HI -2]. According to this method, 
15 the compounds of the general formula [I II -2] can be produced by the 
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steps of converting a compound of the general formula 3 to one of the 
general formula 9 by removing the protective group from the 
former; having a compound of the general formula 7 act on said 
compound 9 to form a compound of the general formula 10; and finally 
removing the protective group from said compound 10 . 

The step of preparing a compound 10 from a compound 9 can 
be conducted similarly to the step in the production process 1 of 
reacting a carboxylic acid of the general formula [II] or salt or reactive 
derivative thereof with a compound of the general formula [III] or salt 
thereof, and hence the reaction conditions earher described about the 
reaction can be apphed. 

Steps for removing the protective groups of amino or imino, 
which are expressed as P^ or P^ can each be conducted following those 
methods taught in the hterature references cited in respect of said 
production process 1. 
Production method C 
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r2P 

P^-N— CH-(CH2)k--X^-0H 11 



r2p r3p 



r4p p5p Q 
> I II 

H-Y^- CH-(CH2)m- C-OR® 12 



O 



r4p r5p 
II I I 

pl-N— CH-(CH2)k-X^-Y^-CH-(CH2)m-C-OR^ 13 



r2P r3P 



removal of P 



\ ' r4P r5P o 
I I II 

HN— CH-(CH2)k-X«-Y^-CH-(CH2)m-C-OR^ 14 



Ar^P r^p O 



Ar^P- 



-CH — C-OH III] 



Ar^P 



Ar^P R^p O r2p R^P 



Ar^P- 



r4P r5p q 

I II ' ' Ja I II 

•CH-C— N— CH-(CH2)k-X^-Y^-CH-(CH2)m-C-0R^ 15 



Ar^P 



removal of R^ 



Ar^P- 



Ar^P R^P O r2p r3p r4p rSp q 

' " I ' a 'a I II 

— CH-C— N— CH~{CH2)k-X^-Y^-CH-(CH2)m-C-OH 1§ 



Ar^P 



H2N-(CH2)n-Qj_p2 2 



Ar^P RiP O r2p R^'p 



Ar^P- 



r4p p5p 



I II I I a Ja I II H 

CH-C— N— CH-(CH2)k-X«-Y^-CH-(CH2)m-C-N-{CH2)n— r- i,_ 



Ar^P 



•n^N— P^ 



removal of P^ 



[IV-lc] 



Ar^P Rip O r2p R^p 



Ar^P- 



Ar^P 



R^P r5p O 

I II I I 3 U II H 

•CH-C-N-CH-(CH2)k-X^-Y^-CH-(CH2)ni-C-N-(CH2)n— r L 

[IV-1aaJ 
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[in which Ra stands for lower alkyl; and Ar^P, Ar^p, Ar^p, k, m, 
n, Pi, P2, Rip, R2P, R3p, R4p^ R5p^ g, X« and have the earher 
defined significations] 

This production method is that for producing the compounds 
5 represented by the general formula [IV-laa], according to which the 
compounds of the general formula [IV-laa] can be produced by the 
steps of having a compound of the general formula 12 act on a 
compound of the general formula 11 to form a compound of the 
general formula 13; removing therefrom the protective group Pi to 

10 form a compound 14 on which a compound of the general formula [II] 
is acted to form a compound of the general formula 15; removing 
therefrom the lower alkyl R» to form a compound 16 on which a 
compound of the general formula 2 is acted to form a compound of the 
general formula [IV- Ic]; and finally removing therefrom the protective 

15 group P2. 

The step of preparing a compound 13 from a compound 11, 
that of preparing a compound 15 from a compound 14 and that of 
preparing a compound [IV- Ic] from a compound 16 can each be 
conducted similarly to the step in the production process 1 of reacting 

20 a carboxylic acid of the general formula [II] or salt or reactive 

derivative thereof with a compound of the general formula [III] or salt 
thereof, and hence the reaction conditions earlier described about the 
reaction can be apphed. 

Steps for removing said protective groups of amino or imino, 

25 which are expressed as P^ or P^, and for removing the lower alkyl 
expressed as R^ can each be conducted following those methods 
taught in the literature references cited in respect of said production 
process 1. 

Furthermore, as thooocompounds those compounds 
30 expressed by the general formulae 11 or 12, either thooochcmicals 
those chemicals on the market may be used or they may be prepared 
according to known processes, those described in the working or 
referential examples given in this specification or those analogous 



49 



thereto, if necessary in suitable combinations. 

Utility of thooocompoundo those compounds of the present 
invention is demonstrated by the following results of the tests on 
inhibition of binding to muscarinic receptors and those on antagonism 
5 against various muscarinic receptors. 

Tests on inhibition of binding to muscarinic receptors 



the method of Hargreaves, et al. (Br, jL Pharmacol 107: 494-501, 
1992). Namely, muscarinic acetylcholine receptors of human mi, m2, 

10 m3, m4 and ms expressed in CHO cells (Receptor Biology, Inc.) were 
incubated with 0.2 nM [^Hj-N-methylscopolamine (82Ci/mmol, New 
England Nuclear, Inc.) and a test compound to be tested in 0.5 ml of 
50 mM Tris-HCl, 10 mM MgCk, 1 mM EDTA solution (pH 7.4) 
for 120 minutes at room temperature (about 20-25°C), followed by 

15 suction filtration over a glass filter (UniFilter plate-GF/C; Packard). 
Then the filter was washed four times with 1 ml of ice-cold Tris-HCl 
buffer and dried at 50°C for an hour. After adding a scintillator 
(Microscinti 0; Packard), the radioactivity of [^Hj-N-methylscopo- 
lamine binding to the filter was counted with a microplate 

20 scintillation counter (TopCount^w; Packard). Non-specific receptor 
binding of PH]-N-methylscopolamine was measured by adding IpM 
N-methylscopolamine. According to the method of Cheng and 
Prusoff (Biochem . Pharmacol . 22: 3099-3108, 1973), the binding 
affinity of a compound of the present invention for muscarinic 

25 receptors is expressed by dissociation constant (Ki) which is 

calculated from the concentration (IC50) of the test compound which 
achieves 50% inhibition of binding of [^H]- N-methylscopolamine, the 
labeled ligand. The results are shown in Tables 1-1 and 1-2. 



These tests were performed according to a modification of 
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TABLE 1-1 



Inhibitory Effects on Binding to Muscarinic 
mi, m2, ma, m4 and ms Receptors 

5 



Compound 


Ki(nM) 


Selectivity (times) 


mi 


m2 


ma 


m4 


m5 


mi/ms 


m2/m3 


m4/m3 


ms/ma 


Example 6 


860 


250 


1.8 


66 


82 


480 


140 


37 


46 


Example 12 


140 


34 


0.38 


18 


32 


370 


89 


47 


84 


Example 19 


270 


30 


0.75 


8.1 


19 


360 


40 


U 


25 


Example 28 


130 


85 


1.2 


36 


220 


110 


71 


30 


180 



TABLE 1-2 



Inhibitory Effects on Binding to Muscarinic 
10 mi, m2, m3, m4 and ms Receptors 



Compound 


Ki(nM) 


Selectivity (times) 


mi 


m2 


m3 


m4 


ms 


mi/m3 


m2/m3 


m4/m3 


ms/ms 


Example 133 


>2500 


810 


3.2 


140 


1600 


>780 


250 


44 


500 


Example 144 


110 


110 


1.3 


27 


230 


85 


85 


21 


180 


Example 146 


1200 


1000 


15 


360 


490 


80 


67 


24 


33 


Example 150 


150 


490 


4.7 


310 


850 


32 


100 


66 


180 


Example 151 


450 


460 


3.5 


74 


890 


130 


130 


21 


250 



As is clear from the results indicated in aboye Tables 1-1 and 
1-2, thosocompounds those compounds of the present inyention 
15 exhibited far higher binding-inhibitory activity to ma receptor, than to 
mi, m2, m4 and ms receptors. 

Tests for antagonism to muscarinic receptors (in yitro) 
1) Test for antagonism to M2 receptor in isolated rat right atrium 
The test was performed according to a conventional method. 

20 
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Male SD strain rats (weighing 300-500 g) were killed by exsanguina- 
tion, and from each of them the right atrium was isolated. Each 
preparation was isometrically suspended in a Magnus tube filled with 
20 ml of Krebs'Henseleit solution (gassed with 95% O2 " 5% CO2 and 
5 kept at 32''C) with an initial tension of 0.5 g. The heart rate was 
recorded with a heart rate counter. Affcortho After the preparation 
was equilibrated for 30 minutes, carbachol (lO'^ to 10'^ M) was 
cumulatively administered from a low concentration to three-fold 
increasing doses and accompanying decrease in heart rate was 

10 measured to obtain a dose-responsecurve for the control experiment. 
Aftcrtho After the preparation was washed with fresh solution to 
restore the heart rate, a test compound was administered thereto. 
Ten minutes later, carbachol was cumulatively administered again. 
Responses to carbachol were expressed as percentages based on the 

15 heart rate before administration of carbachol as 100%. The 

antagonistic potency (Kb value) of the test compound was determined 
from the degree of shift of the dose-[[responsecurve]] response curve 
attributable to the treatment with individual test compound of the 
present invention. The results were as shown in Tables 2-1 and 2-2. 

20 2) Test for antagonism to the airway M3 receptor in 

isolated rat trachea 

The test was performed according to a conventional method. 
Male SD strain rats (weighing 300-500 g) were kiUed by exsanguina- 
tion, and from each of them the trachea was isolated. Annular 

25 segments (2 mm wide) were cut out from the trachea and cut 
transversely at the anterior cartilage part to make open ring 
preparation. Each preparation was suspended in a Magnus tube 
filled with 5 ml of Krebs-Henseleit solution (gassed with 95% O2 " 5% 
CO2 and kept at 32°C) with an initial tension of 1.0 g and a resting 

30 tension of 0.6 g. The tension of the preparation was recorded 

isometrically. After being equilibrated for an hour, the preparation 
was made to contract twice by treatment with 10"* M carbachol, and 
the second contraction induced by carbachol was used as the reference 



52 



contraction. After washing the preparation with fresh solution to 
restore it to the base Hne, a test compound was administered thereto 
(or no treatment was given). Ten minutes later, carbachol (10"^ to 
10'^ M) was cumulatively administered in three-fold increasing doses 
5 to obtain a dose -response curve. The dose-responsecurve was plotted 
by expressing responses as percentages based on the reference 
contraction of the preparation as 100%. The antagonistic potency 
(Kb value) of the test compound was determined from the degree of 
shift of the dose-responsecurve attributable to the treatment with the 
10 test compound. The results were as shown in Tables 2-1 and 2-2. 



TABLE 2-1 

Antagonism to Muscarinic Receptors (in vitro) 



Compund 


KB(nM) 


Selectivity (times) 


Right Atrium M2 


Trachea M3 


M2/M3 


Example 12 


160 


2.3 


70 



TABLE 2-2 

Antagonism to Muscarinic Receptors (in vitro) 

20 



Compund 


KB(nM) 


Selectivity (times) 


Right Atrium M2 


Trachea M3 


M2/M3 


Example 133 


41 


0.71 


58 



As is clear from the results indicated in above Tables 2-1 and 
2-2, the compounds of the present invention exhibited far more 
25 powerful antagonism to the trachea M3 receptor than to the right 
atrium M2 receptor. Therefore, the compounds of the present 
invention are more selective for trachea M3 receptor. 
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Tests for antagonism against muscarinic receptors (in vivo) 

l) Test for antagonism to Mi receptor (inhibitory effects on 
McNeil-A- 343 -induced vasopressor reaction in cervical vertebrae- 
separated rats) 

5 Male SD strain rats (weighing 300-500g) were anesthetized 

with intraperitoneal administration of pentobarbital (50 mg/kg). 
Each rat's airway was cannulated by laryngotomy. Also by femoral 
incision, femoral artery and vein were isolated each and cannulated, 
which were used as routes for heart rate counting and chemical 

10 administration, respectively. Using a pulmotor for small animals 
(Type 7025, Ugo Basile Co.), artificial respiration was conducted 
under the conditions of ventilation rate of 6 ml/kg per breath and 
respiration rate of 90 breaths/min. The heart rate and blood 
pressure variations were measured with a heart rate counter (AT-601 

15 G, Nippon Koden Co.) and a tonometer (AP-641G, Nippon Koden Co.), 
via a pressure transducer (DX-312, Nippon Koden Co.). Aftortho 
After the blood pressure was stabilized, the cervical vertebrae was 
separated with an injection needle pricked from the occipital region. 
Aftortho After the average blood pressure dropped to not higher than 

20 70 mmHg, test compound (test compound-treated group) or isotonic 
sodium chloride solution (control group) was intravenously 
administered. Five (5) minutes thereafter, McNeil- A- 343 (0.3 mg/kg) 
was intravenously administered, and whereby induced hypertension 
variation was recorded. In this experiment one-dose evaluation per 

25 one animal was conducted. The inhibitory effect (inhibition ratio) of 
the test compound on the McNeil-A-343-induced vasopressor reaction 
was determined by the following equation- 



30 Inhibition ratio (%) = 

blood pressure variation in test compound-treated group 

(1- )xlOO 

blood pressure variation in control group 
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The 50% inhibition dose (EDsoJ ug/kg) was calculated from 
the inhibition ratio of each dose of the tested compound. The results 
were as shown in Tables 3"1 and 3-2 as the antagonism to Mi receptor 
of the tested compounds. 

5 

2) Test for antagonism to M2 receptor (inhibitory effects to 
acetylcholine -induced bradycardia reaction in rats) 

Male SD strain rats (weighing 300-500 g) were anesthetized 
with urethane (ig/kg) and a-chloralose (50 mg/kg) administered 

10 intraperitoneally. The airway, carotid artery and vein of each rat 
were isolated by laryngotomy and cannulated. The carotid artery 
and vein cannulae were made the routes for heart rate counting and 
drug administration. After suppressing the rats' spontaneous 
respiration by hypodermic administration of succinylchohne (5 

15 mg/body), artificial ventilation was conducted under the conditions of 
ventilation rate of 6 ml/kg per breath and respiration rate of 90 
breaths/min., using a pulmotor for small animals (Model 681, 
Harvard Co.). The variations in heart rate and blood pressure were 
measured with a heart rate counter (AP-601G, Nippon Koden Co.) 

20 and a tonometer (AP-641G, Nippon Koden Co.), via a pressure 
transducer (DX-312, Nippon Koden Co.). After about 10 minutes' 
stabilization period, heart rate change was induced by intravenous 
administration of acetylchohne (lOjig/kg), and the mean value of the 
change was recorded as the value before the drug administration 

25 (pre value) of the body. After calculating the pre-values, the test 
compound (test compound-treated group) or isotonic sodium chloride 
solution (control group) was intravenously administered. Five 
minutes thereafter, acetylchohne was intravenously administered and 
whereby induced change in the heart rate was recorded. In this 

30 experiment, one -dosage evaluation was conducted per one animal of 
the tested rats. The change in acetylcholine -induced bradycardia 
reaction (% of pre-value) caused by the test compound and isotonic 
sodium chloride solution was determined by the following Equatin 1^ 
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Equation 1^ 
Percent of pre-value = 

heart rate change after administration of test compound 
5 (isotonic sodium chloride solution) 

— xlOO 

heat rate change before administration (pre-value) of 
test compound (isotonic sodium chloride solution) 

10 The inhibitory effect (inhibition ratio) of each test compound 

on the acetylcholine -induced bradycardia reaction was determined 
according to the following Equation 2- 

Equation 2* 
15 Inhibition ratio (%) = 

% of pre-value (test compound-treated group) 

(1- ~ ■)xlOO 

% of pre-value (control group) 

20 Fifty (50%) inhibition dose (EDsoJ ^g/kg) was calculated from 

the inhibition ratio of each dose of the tested compound. The results 
were as shown in Tables 3-1 and 3-2 as the antagonism to M2 receptor 
of tested compounds. 

25 3) Test for antagonism to muscarinic M3 receptor (inhibitory effects 
on acetylcholine-induced airway resistance -increasing reaction 
in rats) 

Male SD strain rats (weighing 300-500 g) were anesthetized 
with urethane (1 g/kg) and a-chloralose (50 mg/kg) administered 
30 intraperitoneally. The airway and carotid artery of each rat were 
isolated by laryngotomy and cannulated. The carotid artery cannula 
was used as the test compound administration route. After 
suppressing spontaneous respiration by hypodermic administration of 
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succinylcholine (5 mg/body), the rats were transferred into 
Plethysmograph-box (PLYAN, Buxco) and artificially ventilated under 
the conditions of ventilation rate of 6 ml/kg per breath and respiration 
rate of 90 breaths/min., using a pulmotor for small animals (Model 
5 681, Harvard Co.). Measurements of air rate and intracellular 
pressure, calculation of airway resistance and lung compliance and 
their recording were conducted with lung function analyzer (Model 6, 
Buxco). After about 10 minutes' stabilization period, the change in 
airway resistance induced by intravenous administration of 

10 acetylcholine (50 [ig/kg) was measured twice at 5 minutes' interval. 
The change in airway resistance induced by the second acetylchohne 
administration was recorded as the pre -administration of the tested 
rat (pre -value). Five (5) minutes aftcrthc after the second 
acetylchohne -induced reaction measurement, the test compound or 

15 isotonic sodium chloride solution was intravenously administered. 
Five (5) minutes thereafter, acetylchohne was administered and 
whereby induced airway resistance change was measured. In this 
experiment, one-dosage evaluation was conducted per one animal of 
the tested rats. The changes in acetylchohne -induced airway 

20 resistance -increasing reaction. (% of pre-value) caused by the tested 
compound and isotonic sodium chloride solution were calculated by 
the following Equation 1^ 



Equation i: 
,25 Percent of pre-value = 

change in airway resistance after administration of test 
compound (isotonic sodium chloride solution) 

■ xlOO 

change in airway resistance before administration of 
30 test compound (isotonic sodium chloride solution) 



The inhibitory effect (inhibition ratio) of each test compound 
on the acetylchohne -induced airway resistance-increasing reaction 
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was determined according to the following Equation 2. 



Equation 2' 
Inhibition ratio (%) = 

% of pre-value (test compound-treated group) 

(1- . )xlOO 

% of pre-value (control group) 

Fifty (50)% inhibition dose (EDsoi ^ig/kg) was calculated from 
the inhibition ratio of each dose of the tested compound. The results 
were as shown in Tables 3-1 and 3-2 as the antagonism to M3 receptor 
of the tested compounds. 

TABLE 3-1 

Antagonism to Muscarinic Receptors (in vivo) 



Compund 


ED50 (pg/kg, i.v.) 


Selectivity (times) 


vasopressor 
Ml 


bradycardia 
M2 


Airway 

constriction 

M3 


M1/M3 


M2/M3 


Example 12 


>3000 


1550 


15 


>200 


100 


atoropine 


19 


5.2 


4.3 


4.4 


1.2 
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TABLE 3-2 

Antagonism to Muscarinic Receptors (in vivo) 



Compund 


ED50 (ug/kg, i.v.) 


Selectivity (times) 


vasopressor 


bradycardia 
M2 


Airway 
constriction 

Mg 


M1/M3 


M,/M3 


Example 133 


>300 


114 


2.1 


>143 


54 


Qtoropinc 

atropine 


19 


5.2 


4.3 


4.4 


1.2 



As is clear from the results as shown in above Tables 3-1 and 
3*2, the compounds of the present invention exhibited high M3 
selectivity also in vivo . 

10 

4) Test for antagonism to M3 receptor (bronchodilation in 
anesthetized dogs) 

The bronchodilation action of inhaled test compound was 
evaluated by measuring the compounds* inhibitory action on 

15 respiratory resistance-increasing reaction induced by a methacholine 
provocation test. For the experiment, 12 to 36 months old male 
beagle dogs (weighing 10-15 kg) were used. After being anesthetized 
by intravenous pentobarbital administration (30 mg/kg), the dogs 
were intubated cannulae in their trachea. Aftorthoir After their 

20 respiration became stable, the cannulae were connected with 

Astograph (TCK-6100H, Chest) and a methacholine provocation test 
by 3Hz oscillation method was conducted. The inhaling inducer, 
methachohne, was diluted with isotonic sodium chloride solution in 
10-grade concentration levels starting from 40,000 ^g/ml, successively 

25 as 20,000 to 10,000, 5,000, 2500, 1250, 625, 312.5, 156 and 78 ^g/ml. 
The dogs were caused to inhale these methachohne solutions each for 
one minute starting from the one of low concentration with the 
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nebulizer in the Astograph, and changes in respiratory resistance 
were continuously plotted. The methacholine concentration at which 
the respiratory resistance increased to twice the initial value was 
recorded as the methachoHne reaction threshold value. Before 
5 evaluating the test compounds, the methacholine reaction threshold 
value^^ under no drug treatment was measured at least twice at a 
week's interval, to select the dogs showing reproducible reaction. 

The inhaling administration of each test compound (l mg/ml) 
was conducted for 10 minutes under pentobarbital anesthetization (30 

10 mg/kg, i.v.), with the nebulizer in the Astograph. Thereafter 
pentobarbital was additionally administered when necessary, to 
maintain the anesthetized condition. Four hours aftorthc after the 
administration, a methachohne provocation test was conducted, to 
measure the methacholine reaction threshold value^^ after 

15 administration of each test compound. The bronchodilator activity 
(shift value) of each tested compound was determined according to the 
following equation: 
Shift value = 

methacholine reaction threshold value 

20 after drug administration 



methachohne reaction threshold value^^ 
without drug administration 

25 TABLE 4 

Antagonism to Muscarinic Receptor 
(in vivo: Anesthetized Dogs) 
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Compund 


Shift (fold) 


Airway 

constriction M3 


Example 133 


20.2 


Example 151 


>40.0 



As is clearly demonstrated in above Table 4, the compounds 
of the present invention exhibited powerful bronchodilation action 
5 and long duration of the action. " 

As above, the compounds of formula [I] of the present 
invention exhibit potent and selective antagonistic activity against 
muscarinic M3 receptor. Hence, they can be administered to patients 
orally or parenterally as safe pharmaceutics exhibiting little side 

10 effects, for treating, in particular, such respiratory diseases as chronic 
obstructive pulmonary diseases, chronic bronchitis, asthma, chronic 
respiratory tract obstruction, fibroid lung, pulmonary emphysema 
and rhinitis; digestive diseases such as irritable bowel syndrome, 
convulsive colitis, gastroduodental ulcer, convulsion or 

15 hyperanakinesia of digestive tract, diverticulitis and pain 

accompanying contraction of smooth muscles of the digestive system; 
urinary diseases accompanied by dysuria like urinary incontinence, 
urgency and poUakiuria in nervous pollakiuria, neurogenic bladder, 
nocturnal enuresis, unstable bladder, cystospasm and chronic cystisis; 

20 and motion sickness. 

For actual use of thooocompounds those compounds of the 
present invention for therapeutic treatment or prophylaxis of diseases 
as exempHfied above, they may be combined with pharmaceutically 
acceptable adjuvants in the usual manner to formulate 

25 pharmaceutical preparations of forms suitable for administration. 
For this purpose, there can be used a variety of adjuvants which are 
commonly used in the field of pharmaceutics. Such adjuvants 
include, for example, gelatin, lactose, sucrose, titanium oxide, starch, 
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crystalline cellulose, 

hydroxypropylmothylcollulooooarboxyinGthylcGlluloooGorn otarch 
hydroxvpropvlmethvlcellulose, carboxvmethvlcellulose, corn starch. 
microcrystalline wax, white petrolatum, magnesium aluminate 
metasilicate, anhydrous calcium phosphate, citric acid, trisodium 
citrate, hydroxypropyl cellulose, sorbitol, sorbitan fatty acid ester, 
polysorbate, sucrose fatty acid ester, polyoxyethylene, hardened 
castor oil, polyvinylpyrrolidone, magnesium stearate, light anhydrous 
silicic acid, talc, vegetable oil, benzyl alcohol, gum arable, propylene 
glycol, polyalkylene glycol, cyclodextrin and hydroxy 
propylcyclodextrin. 

The dosage forms of pharmaceutical preparations formulated 
using these adjuvants include solid preparations such as tablets, 
capsules, granules, powders and suppositories; and liquid 
preparations such as syrups, elixirs and injections. These 
preparations may be formulated according to conventional techniques 
well-known in the field of pharmaceutics. Liquid preparations may 
be in a form which is dissolved or suspended in water or other suitable 
medium prior to use. In particular, injections may be in the form of a 
solution or suspension in physiological saline solution or a glucose 
solution, or in powder form to be dissolved or suspended in 
physiological saline or a glucose solution prior to use. If desired, 
such injections may contain buffer agents and/or preservatives. 

As preparations for oral administration, such formulation 
forms, besides ordinary tablets, capsules, granules, powders and the 
like, aerosols or dry powders for inhalation, elixiers or suspensions 
containing spices or coloring agents may be employed. 

In these pharmaceutical preparations, a compound in 
accordance with the present invention may be present at a ratio of 
from 1.0 to 100% by weight, preferably 1.0 to 60% by weight, based on 
the total weight of individual preparation. These pharmaceutical 
preparations may additionally contain other therapeutically effective 
compounds. 
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When the compounds of the present invention are used as 
drugs, their dosage level and dosage schedule may vary according to 
the sex, age, body weight, severity of symptoms of individual patient, 
type and range of the desired therapeutic effect, and the like. 
5 Generally for oral administration, they are preferably administered in 
a daily dose of 0.1 to 100 mg/kg for adults and this daily dose may be 
given at a time or in several divided doses. For parenteral 
administration, they are preferably administered in a daily dose of 
0.001 to 10 mg/kg which may be given at a time or in several divided 
10 doses. 

Optimum Embodiments for Practicing the Invention 

HoroinaftcrthG Hereinafter the present invention is more 
specifically explained with reference to working examples, it being 
understood that the examples are in no way limitative of the scope of 
15 the invention. 

Example 1 

N'(2-{3-(l(3R)-l-(2-methvlbutvD-3-Diperidvl}methvl)amino-3- 
oxopropvl}amino-2-oxoethvl)-3.3.3-triphenvlpropanamide 
20 (Step 1) 

Synthesis of ethyl 3-(2-{(tert-butoxycarbonyl)amino}- 
acetylamino)propionate 

To a solution of 1.5 g of ethyl 3-aminopropionate monohydro- 
chloride and 1.7 g of 2-{(tert"butoxycarbonyl)amino}acetic acid in 50 

25 ml of chloroform, 1.6 g of 1-hydroxybenzotriazole monohydrate, 2.3 g 
of l-ethyl-3-(3-dimethylaminopropyl)carbodumide monohydrochloride 
and 1.4 ml of triethylamine were added at room temperature by the 
order stated, and stirred for 2 hours at the same temperature. The 
reaction liquid was diluted with chloroform, and washed successively 

30 with saturated aqueous sodium bicarbonate solution, 10% aqueous 
citric acid solution and saturated saHne solution, by the order stated, 
and dried on anhydrous magnesium sulfate. The solvent was 
distUed off under reduced pressure, and the resultant residue was 
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purified by means of silica gel column chromatography (eluting 
solvent: hexane/ethyl acetate = 1/4) to provide 2.0 g of the title 
compound. 
(Step 2) 

Synthesis of ethyl 3-{(2-aminoacetyl)amino}propionate 
monohydrochloride 

2,0 Grams of ethyl 3-(2-{(tert-butoxycarbonyl)amino}' 
acetylamino)propionate were dissolved in 30 ml of 10% hydrochloric 
acid-methanol and stirred for 15 hours at room temperature. Upon 
distilling the reaction liquid off under reduced pressure, 1.52 g of the 
title compound was obtained. 
(Step 3) 

Synthesis of ethyl 3'(2-{(3,3,3-triphenylpropanoyl)amino}- 
acetylamino)propionate 

To a solution of 1.52 g of ethyl 3-{(2-aminoacetyDamino}- 
propionate monohydrochloride and 2.18 g of 3,3,3-triphenylpropionic 
acid in 20 ml of chloroform, 1.46 g of 1-hydroxybenzotriazole 
monohydrate, 2.07 g of l-ethyl-3-(3-dimethylaminopropyl)- 
carbodiimide monohydrochloride and 2.0 ml of triethylamine were 
successively added at room temperature by the order stated, followed 
by 2 hours' stirring at the same temperature. The reaction Uquid 
was diluted with ethyl acetate and washed successively with aqueous 
saturated sodium bicarbonate solution, lN*hydrochloric acid and 
water, and filtered through cerite. The filtrate was dried on 
anhydrous magnesium sulfate. The solvent was distilled off under 
reduced pressure, and the resultant residue was purified by means of 
silica gel column chromatography (eluting solvent: hexane/ethyl 
acetate = 4/1 — chloroform/methanol = lO/l) to provide 1.7 g of the 
title compound. 
(Step 4) 

Synthesis of 3-(2-{(3,3,3-triphenylpropanoyl)amino} 
acetylamino)propionic acid 

1.7 Grams of ethyl 3-(2-{(3,3,3-triphenylpropanoyl)amino}- 
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acetylamino)propionate was dissolved in a mixed liquid consisting of 
70 ml of tetrahydrofuran and 20 ml of methanol. To the solution 5.0 
ml of 4N aqueous sodium hydroxide solution was added at room 
temperature, followed by an hour's stirring at the same temperature. 
The reaction liquid was distilled off under reduced pressure, and the 
residue was rendered acidic by addition of IN hydrochloric acid, 
extracted with ethyl acetate, washed with saturated sahne solution 
and dried over anhydrous magnesium sulfate. Upon distilhng the 
solvent off under reduced pressure, 1.10 g of the title compound was 
obtained. 
(Step 5) 

Synthesis of 

N-(2-{3-({(3R)-l-(tert-butoxycarbonyl)-3-pyperidyl}methyl)amino- 
3-oxopropyl}amino- 2-oxoethyl)-3,3,3- triphenylpropanamide 

To a solution of 0.55 g of 
(3R)-3-aminomethyM-(tert-butoxycarbonyl)piperidine and 1.1 gof 
3-(2-{(3,3,3- triphenylpropanoyDamino}acetylamino)propionic acid in 
10 ml of N,N-dimethylformamide, 0.52 g of 1-hydroxybenzotriazole 
monohydrate and 0.75 g of l-ethyl-3-(3-dimethylaminopropyD 
carbodiimide monohydrochloride were successively added at room 
temperature, and stirred for 2 hours at the same temperature. Then 
2.0 ml of triethylamine and 10 ml of chloroform were added at room 
temperature, followed by an hour's stirring at the same temperature . 
The reaction liquid was distilled off under reduced pressure, diluted 
with ethyl acetate, washed successively with saturated aqueous 
sodium bicarbonate solution, 10% aqueous citric acid solution and 
saturated saHne solution, and dried over anhydrous magnesium 
sulfate. The solvent was distilled off under reduced pressure and the 
residue was purified by means of sihca gel column chromatography 
(eluting solvent^ chloroform/methanol = 19/1) to provide 1.41 g of the 
title compound. 
(Step 6) 

Synthesis of N-(2-{3-((3S)-3-piperidylmethyl)amino-3- 
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oxopropyl}amino-2-oxoethyl)-3,3,3-triphenylpropanamide 
monohydrochloride 

Using N-(2-{3-({(3R)-l-(tert-butoxycarbonyD-3- 
piperidyl}methyl)amino-3-oxopropyl}amino-2-oxoethyl)-3,3,3- 
triphenylpropanamide, the title compound was prepared by a method 
similar to Step 2 of Example 1. 
(Step 7) 

Synthesis of N-(2-{3-({(3R)-l-(2-methylbutyl)-3-piperidyl}- 
methyl)amino-3-oxopropyl}amino'2-oxoethyl)-3,3,3- triphenyl- 
propanamide 

To a solution of 200 mg of N-(2-{3-((3S)-3-piperidylmethyl)- 
amino-3-oxopropyl}amino-2-oxoethyl)-3,3,3-triphenylpropanamide 
monohydrochloride in 10 ml of tetrahydrofuran, 0.10 ml of 
2-methylbutanal and 230 mg of sodium triacotoxyborohydrato 
triacetoxvborohvdride were successively added at room temperature, 
followed by 2 hours* stirring at the same temperature. The reaction 
liquid was diluted with ethyl acetate, washed successively with 
saturated aqueous sodium bicarbonate solution and saturated saUne 
solution, and dried over anhydrous magnesium sulfate. The solvent 
was distiUed off under reduced pressure and the resultant residue 
was purified by means of sihca gel column chromatography (eluting 
solvent: chloroform/methanol = 19/1 - 4/1), to provide 158 mg of the 
title compound as a colorless sohd. 

iH-NMR(CDCl3, 6ppm): 0.89(3H, d, J=6.6Hz), 0.90 
(3H, d, J=6.6Hz), 0.95-L20(2H, m), 1.32-1.50(lH, m), 
1.50-2.42(11H, m), 2.60-2.95(2H, m), 3.05-3.25(2H, m), 
3.34-3.50(2H, m), 3.55(2H, d, J=6.6Hz), 3.56-3.72(2H, m), 
5.75-5.98(lH ,m),6.29-6.65(2H, m), 7.10-7.38(15H, m) 
FAB-MS(m/e, as (C37H48N403+H)^): 597 

Example 2 

N-(2-{3-({(3R)-l-(2-ethvlbutvl)-3-piperidvl}methvl)amino-3- 
oxoproDvl}amino-2-oxoethvl)-3.3.[[3-triphenvlDrepanamidel1 
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3-triphenvlpropanamide 

The title compound was prepared by a method similar to 
Step 7 of Example 1, using 2-ethylbutanal. The product was 
obtained in the form of a colorless soHd. 

iH-NMR(CDCl3, 6ppm): 0.85(6H, t, J=7.4Hz), 0.94-2.46 
(16H, m), 2,75-3.0l(2H, m), 3.01-3.22(2H, m), 3.32-3.43 
(2H, m), 3.56(2H, d, J=5.6Hz), 3.58-3.7l(2H, m), 5.80-6.05 
(IH, m), 6.33-6.75(2H, m), 7.13-7.40(15H, m) 
FAB-MS(m/e, as (C38H5oN403+H)+): 611 

Example 3 

N-(2-{3-({(3R)-l-(2-methvlpentvl)-3-piperidvl}methvl)amino-3 
[[- oxopropvl}amino-2-oxoethvl)-3,3.3-triphenvlprepanamide11 
- oxoprQPvl}amino-2- oxoethvl)-3.3.3-triphenvlpropanamide 

The title compound was prepared by a method similar to 
Step 7 of Example 1, using 2-methylpentanal. The product was 
obtained in the form of a colorless solid. 

iH-NMR(CDCl3, 6ppm): 0.80-0.98(6H, m), 0.98-1.18(2H, m), 
1.18-1.50(4H, m), 1.5M.99(lOH, m), 2.65-3.26(4H, m), 
3.30-3.49(2H, m), 3.56(2H, d, J=5.4Hz), 3.65 
(IH, d, J=15.8Hz), 3.66(1H, d, J=15.8Hz), 5.80-6. 15(lH, m), 
6.32-6.75(2H, m), 7.12-7.40(l5H, m) 
EAB-MS(m/e, as (C38H5oN403+H)-^): 611 

Example 4 

N-{2-(3-{((3R)-l-propvl-3-piperidvl)methvl}amino-3- 
oxopropvl)amino-2-oxoethvl}-3.3,3'triphenvlpropanamide 

The title compound was prepared by a method similar to 
Step 7 of Example 1, using propionaldehyde. The product was 
obtained in the form of a colorless soUd. 

iH-NMR(CDCl3, 6ppm): 0.88(3H, t, J=7.4Hz), 0.82-1.05 

(IH, m), 1.21-2.05(8H, m), 2.20-2.45(4H, m), 2.69-2.9l(2H, m), 

2.98-3.25(2H, m), 3.32-3,45(2H, m), 3.49 



67 



(IH, dd, J=5.5,16.7Hz), 3.60(lH, dd, J=5.5, 16.7Hz), 3.63 
(IH, d, J=14,9Hz), 3.65(1H, d, J=14.9Hz), 5.75-5.90(lH, m), 
5.90-6.10(lH, m), 6.20-6.32(lH, m), 7.15-7.37(l5H, m) 
FAB-MS(m/e, as (C35H44N403+H)+): 569 

Example 5 

N-{2-(3-{((3R)-l-butvl-3-piperidvl)methvl}amino-3- 
oxop rop vl) amino • 2 -oxoe thvl} -3,3,3- triphen vlp rop anamide 

The title compound was prepared by a method similar to 
Step 7 of Example 1, using n-butylaldehyde. The product was 
obtained in the form of a colorless soUd. 

iH-NMR(CDCl3, 5ppm): 0.9l(3H, t, J=7.3Hz), 
0.80-2.06(lOH, m), 2.10-2.64(5H, m), 2.90-3.30(4H, m), 
3.37(2H, q, J=5.9Hz), 3.45-3.65(2H, m), 3.64 
(IH, d, J=15.1Hz), 3.67(1H, d, J=15,lHz), 6.31-6.49(lH, m), 
6.58-6.83(2H, m), 7.10-7.40(l5H, ra) 
FAB-MS(m/e, as (C36H46N403+H)+): 583 

Example 6 

N-{2-(3-{((3R)-l-pentvl-3-piperidvDmethvl}amino-3- 
oxopropvl)amino-2-oxoethvl}-3.3.3-triphenvlpropanamide 

The title compound was prepared by a method similar to 
Step 7 of Example 1, using valeraldehyde. The product was obtained 
in the form of a colorless soHd. 

iH-NMR(CDCl3, 5ppm): 0.89(3H, t, J=6.9Hz), 
0.91-2.70(17H, m), 2.96-3.25(4H, m), 3.37(2H, q, J=6.0Hz), 
3.57(2H, d, J=5.4Hz), 3.65(lH, d, J=15.1Hz), 3.66 
(IH, d, J=15.1Hz), 6.53(1H, t, J=5.4Hz), 6.84(lH, t, J=5.8Hz), 
6.92(1H, t,J=5.3Hz), 7.09-7.36(l5H, m) 
FAB-MS(m/e, as (C37H48N403+H)-^): 597 

Example 7 

N-{2-(3-{((3R)-l-hexvl-3-piperidvl)methvl}amino-3- 
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oxopropv l)amino-2-Qxoethvl}-3.3.3-triDhenvlDropanamide 

The title compound was prepared by a method similar to 

Step 7 of Example 1, using n-hexanal. The product was obtained in 

the form of a colorless soHd. 

iH-NMR(CDCl3, 6ppm): 0.88(3H, t, J=6.7Hz), 
0.91-1,82(11H, m), 1.95-2.70(8H, m), 2.95-3.20(4H, ra), 
3.37(2H, q, J=6.0Hz), 3.57(2H, d, J=5.7Hz), 3,65 
(IH, d, J=15.0Hz), 3,67(1H, d, J=15.0Hz), 6.38-6.50(lH, m), 
6.67-6.88(2H, m), 7.10-7.37(l5H, m) 
FAB-MS(m/e, as (C38H5oN403+H)+): 611 

Example 8 

N-{2-(3-{((3R)-l-heptvl-3-Diperidvl)methvl}amino-3- 
oxopropv l)amino-2-oxoethvl}-3,3,3-triphenvlpropanamide 

The title compound was prepared by a method similar to 
Step 7 of Example 1, using n-heptanal. The product was obtained in 
the form of a colorless solid. 

iH-NMR(CDCl3, 8ppm): 0.88(3H, t, J=6.7Hz), 
0.90-2.70(21H, m), 2.95-3.18(4H, m), 3.38(2H, q, J=6.1Hz), 
3.55(1H, dd, J=5.6, 16.5Hz), 3.59(lH, dd, J=5.6, 16.5Hz), 
3.65(1H, d, J=15.1Hz), 3.67(1H, d, J=15.1Hz), 6.39 
(IH, t, J=5.3Hz), 6.59-6.86(2H, m), 7.10-7.38(l5H, m) 
FAB-MS(m/e, as (C39H52N403+H)^): 625 

Example 9 

N-{2-(3-f((3R)"l-octvl-3-pipendvl)methvl}aminQ-3- 
oxopropvl) amino-2-oxoethvl}-3.3.3-triphenvlpropanamide 

The title compound was prepared by a method similar to 
Step 7 of Example 1, using n-octanal. The product was obtained in 
the form of a colorless sohd. 

iH-NMR(CDCl3, 5ppm): 0.80-2.73(23H, m), 0.88 

(3H, t, J=6.7Hz), 2.90-3.25(4H, m), 3.29-3.48(2H, m), 3.59 

(2H, d, J=5.6H), 3.65(1H, d, J=15.1Hz), 3.68 
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(IH, d, J=15.1Hz), 6.25-6.42(lH, m), 6.51-6.5(2H, m), 
7.10-7.38(15H, m) 
FAB-MS(m/e, as (C4oH54N403+H)+): 639 



Example 10 

N-{2-(3-{((3R)'l-nonvl-3-piDeridvl)methvl}amino-3- 
oxopropvl)amino-2-oxoethvl}-3,3,3-triphenvlpropanamide 

The title compound was prepared by a method similar to 
Step 7 of Example 1, using n-nonanal. The product was obtained in 
the form of a colorless solid. 

iH-NMR(CDCl3, 5ppm): 0.88(3H, t, J=6.6Hz), 
0.80-2.73(25H, m), 2,90-3.25(4H, m), 3.28-3.50(2H, m), 
3.59(2H, d, J=5.6Hz), 3.65(lH, d, J=15.2Hz), 3.68 
(IH, d, J=15.2Hz), 6.18-6.40(1H, m), 6.48-6.85(2H, m), 
7.07-7.56(l5H, m) 
FAB-MS(m/e, as (C4iH56N403+H)^): 653 

Example 11 

N-{2-(3-{((3R)-l- decvl-3-piDeridvl)methvl}aminQ-3- 
oxopropvl) amino-2-oxoethvl}-3.3,3-triphenvlpropanamide 

The title compound was prepared by a method similar to 
Step 7 of Example 1, using n-decanal. The product was obtained in 
the form of a colorless solid. 

iH-NMR(CDCl3, 6ppm): 0.78-2.7l(30H, m), 2.88-3.25 

(4H, m), 3.37(2H, q, J=5.9Hz), 3.57(2H, d, J=5.6Hz), 3.65 

(IH, d, J=5.0Hz), 3.67(1H, d, J=5.0Hz), 6.49(lH, t, J=5.3Hz), 

6.75-6.95(2H, m), 7.11-7.40(l5H,m) 
FAB-MS(m/e, as (C42H58N403+H)^): 667 

Example 12 

N-{2-(3-{((3 R)-l-cvclohexvlmethvl-3-piperidvl)methvl}amino- 
3-oxopropv l)amino-2'Oxoethvl}-3.3,3-triphenvlpropanamide 

The title compound was prepared by a method similar to 
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Step 7 of Example 1, using cyclohexanecarbaldehyde. The product 
was obtained in the form of a white solid. 

iH-NMR(CDCl3, 6ppm): 0.8M.80(17H, m), 1.97-2.08 
(3H, m), 2.28-2.32(2H, m), 2,59-2.65(2H, m), 3.12-3.17(2H, 
3.37-3.46(2H, m), 3.51-3.55(2H, m), 3.64(2H, s), 5.60-5.64 
(IH, m), 6.10-6.20(1H, m), 6.26-6.30(lH, m), 
7.19-7.33(15H, m) 
FAB-MS(m/e, as (C39H5oN403+H)^): 623 

Example 13 

N-(2-{3-({(3R)-l-(l-cvcloheDten'l-vlmethvl)-3-piperidvl}- 
methvl)a mino-3- oxopropvl}amino-2-oxoethvD-3.3.3- 
trip henvlp rop anamide 

The title compound was prepared by a method similar to 
Step 7 of Example 1, using 1-cycloheptenecarbaldehyde (cf. WO 
9633973). The product was obtained in the form of a colorless solid. 
iH-NMR(CDCl3, 6ppm): 0.95-2.40(21H, m), 2.70-3.25 

(4H, m), 3.40(2H, q, J=5.9Hz), 3.56(2H, d, J=5.6Hz), 3.64 

(IH, d, J=15.7Hz), 3.66(1H, d, J=15.7Hz), 5.71-6.8l(4H, m), 

7.09-7.40(l5H, m) 
FAB-MS(m/e, as (C4oH5oN403+H)-*^): 635 

Example 14 

N-(2-{3-({(3R)- l-(l-cvclonQnen-l-vlmethvl)-3-piperidvl}- 
methv0amino-3-oxopr opvl}amino-2-oxoethvl)-3.3.3-triphenvl- 
propanamide 

The title compound was prepared by a method similar to 
Step 7 of Example 1, using 1-cyclononenecarbaldehyde (of. WO 
9804554). The product was obtained in the form of a colorless sohd. 
iH-NMR(CDCl3, 6ppm): 0.78-2.4l(25H, m), 2.51-3.47 
(6H, m), 3.56(2H, d, J=5.4Hz), 3.65(lH, d, J=15.9Hz), 
3.66(1H, d, J=15.9Hz), 5.38-6.83(4H, m), 7,05-7.38(l5H, m) 
FAB-MS(m/e, as (C42H54N403-hH)-^): 663 
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Example 15 

N-{2-(3-{((3S)-l-heDtvl-3-DiDeridvl)methvl}amino-3- 
oxopropvl)amino-2-oxoethvl}-3,3,3-triphenvlpropanamide 

The title compound was prepared by successively conducting 
procedures similar to Steps 5 and 6 of Example 1 and Example 8, 
using (3S)-3-aminomethyM-(tert-butoxycarbonyDpiperidine. The 
product was obtained as a colorless solid. 

iH-NMR(CDCl3, 5ppm): 0.88(3H, t, J=6.8Hz), 0.80-2.02 
(17H, m), 2.20-2.4l(4H, m), 2.70-2.90(2H, m), 2.90-3.20 
(2H, m), 3.35-3.45(2H, m), 3.47(lH, dd, J=5.5, 16.6Hz), 
3.57(1H, dd, J=5.5,16.6Hz), 3.62(lH, d, J=15.0Hz), 3.65 
(IH, d, J=15.0Hz), 6.09(1H, t, J=5.3Hz), 6.18-6.35(lH, m), 
6.48(1H, t, J=5.6Hz), 7.10-7.39(l5H, m) 
FAB-MS(m/e, as (C39H52N403+H)+): 625 

Example 16 

N-{2-(3-{((3S)- l-cvclohexvlmethvl-3-piperidvDmethvl}amino- 
3- oxoprop vDamino-2-oxoethvl)-3.3.3-triphenvlpropanamide 

The title compound was prepared by successively conducting 
procedures similar to Steps 5 and 6 of Example 1 and Example 12, 
using (3S)-3-aminomethyM"(tert-butoxycarbonyl)piperidine. The 
product was obtained as a pale yellow solid. 

iH-NMR(CDCl3,8ppm): 0.81-1.80(l7H, m), 1.97-2.08 
(3H, m), 2.28-2.32(2H, m), 2.59-2.65(2H, m), 3.12-3.17(2H, m), 
3.37-3.46(2H, m), 3.51-3.55(2H, m), 3.64(2H, s), 5.60-5.64 
(IH, m), 6.10(1H, brs), 6.26-6.30(lH, m), 7.19-7.33(l5H,m) 
FAB-MS(m/e,as (C39H5oN403+H)^): 623 

Example 17 

N-{(lS)-2-(3-{((3R)-l-cvclohexvlmethvl-3-piperidvl)methvl}- 
amino-3-oxopropvl)amino-l-(2-carbamovlethvD-2-oxoethvl}-3.3.3' 
triphenvlpropanamide 
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(Step 1) 

Synthesis of 3-(benzyloxycarbonyl)amino-N-({(3R)-l- 
(tert-butoxycarbonyO-3-piperidyl}mehyDpropanamide 

The title compound was prepared by a method similar to 
5 Stept 5 of Example 1, using N-benzyloxycarbonyl-6-alanine. 
(Step 2) 

Synthesis of 3-(benzyloxycarbonyl)amino-N-{((3S)-3- 
piperidyl)methyl}propanamide 

To a solution of 1.84 g of 3-(benzyloxycarbonyl)amino-N- 

10 ({(3R)-l-(tert-butoxycarbonyl)'3-piperidyl}methyl)propanamide in 2 
ml of chloroform, 2 ml of trifluoroacetic acid was added at room 
temperature, followed by an hour's stirring at the same temperature. 
The reaction liquid was distilled off under reduced pressure, and the 
residue was rendered basic with 4N aqueous sodium hydroxide 

15 solution. Extracting the product with chloroform, the product was 
dried over anhydrous sodium sulfate. Upon distilling the solvent off 
under reduced pressure, 1.26 g of the title compound was obtained. 
(Step 3) 

Synthesis of 3-(benzyloxycarbonyl)amino-N-{((3R)-l- 

20 cyclohexylmethyl-3-piperidyl)methyl}propanamide 

To a solution of 600 mg of 3■(benzyloxycarbonyDamino■N- 
{((3S)■3•piperidyDmethyl}propanamide in 3 ml of methanol, a solution 
of 150 mg of sodium cyanoborohydratc cvanoborohvdride and 160 mg 
of zinc chloride in 8.1 ml of methanol, and 0.30 ml of 

25 cyclohexanecarbaldehyde were added at room temperature, followed 
by an hour's stirring at the same temperature. The reaction hquid 
was diluted with ethyl acetate and successively washed with 
saturated aqueous sodium bicarbonate solution and saturated sahne, 
followed by drying over anhydrous sodium sulfate. Upon distilling 

30 the solvent off under reduced pressure, 775 mg of the title compound 
was obtained. 
(Step 4) 

Synthesis of 3-amino-N-{((3R)-l-cyclohexylmethyl-3- 
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piperidyl)methyl}propanamide 

To a solution of 770 mg of 3-(benzyloxycarbonyDamino- 
N-{((3R)-l-cyclohexylmethyl-3-piperidyl)methyl}propanamide in 12 
ml of methanol, 0.5 ml of 10% hydrochloric acid-methanol and 15 mg 
of 20% palladium hydroxide -carbon catalyst were added, followed by 
44 hours' stirring under 3 atmospheres of hydrogen. Filtering the 
catalyst off, the solvent was distilled off under reduced pressure, and 
the residue was rendered weakly basic with saturated aqueous 
sodium bicarbonate solution. The product was extracted with 
chloroform and dried over anhydrous sodium sulfate. The solvent 
was distilled off under reduced pressure, and the resulting residue 
was purified by means of silica gel column chromatography (eluting 
solvent- chloroform~<;hloroform/methanol/28% aqueous ammonia = 
100/10/1) to provide 391 mg of the title compound. 
(Step 5) 

Synthesis of (2S)-2-amino-N5-triphenylmethyl-Ni- 

(3-{((3R)-l-cyclohexylmethyl-3-piperidyDmethyl}amino-3-oxopropyl)- 
pentanediamide monohydrochloride 

The title compound was prepared by procedures similar to 
Steps 5-6 of Example 1, using 3-amino-N-{((3R)-l-cyclohexyl- 
methyl-3-piperidyDmethyl}propanamide and N-a-(tert-butoxy 
carbonyD-y-triphenylmethyl-L-glutamine. 
(Step 6) 

Synthesis of N-{(lS)-2-(3-{((3R)- l-cyclohexylmethyl-3- 
piperidyl)methyl}amino-3-oxopropyl)amino-l-(2-carbamoylethyl)-2- 
oxoethyl}-3,3,3'triphenylpropanamide 

To a solution of 84 mg of (2S)-2-amino-N5-triphenylmethyl- 
Ni-(3-{((3R)-l-cyclohexylmethyl-3-piperidyDmethyl}amino-3- 
oxopropyDpentanediamide monohydrochloride in 1.5 ml of chloroform, 
0.052 ml of N,N-diisopropylethylamine was added at room 
temperature, followed by an hour's stirring at the same temperature. 
Then 39 mg of 3,3,3-triphenylpropionic acid, 24 mg of 1-hydroxy- 
benzotriazole monohydrate and 31 mg of l-ethyl-3-(3-dimethyl* 
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aminopropyOcarbodiimide monohydrochloride were added at room 
temperature by the order stated, followed by 17 hours' stirring at the 
same temperature. The reaction Hquid was rendered weakly basic 
with saturated aqueous sodium bicarbonate solution, extracted with 
chloroform and dried over anhydrous sodium sulfate, DistilHng the 
solvent of f under reduced pressure , the resultant residue was 
dissolved in 1 ml of chloroform, and to the solution 1 ml of 
trifluoroacetic acid was added at room temperature, followed by 20 
minutes' stirring at the same temperature. The reaction hquid was 
rendered weakly basic with saturated aqueous sodium bicarbonate 
solution, extracted with chloroform and dried over anhydrous sodium 
sulfate. The solvent was distilled off under reduced pressure, and 
the resultant residue was purified with preparative thin layer 
chromatography (KieselgeFM60F254, Art 5744 (Merck), 
chloroform/methanol/28% aqueous ammonia = 90/10/1) to provide 43 
mg of the title compound as a white soUd. 

iH-NMR(CD30D, 8ppm): 0.80-2.00(22H, m), 2.06-2.18 
(2H, m), 2.23-2.33(2H, m), 2.73-2.87(2H, m), 2.90-3.08 
(2H, m), 3.20-3.38(2H, m), 3.58(lH, d, J=15.0Hz), 3.86 
(IH, d, J=15.0Hz), 3.84-3.9l(lH, m), 7.10-7.28(l5H, m) 
FAB-MS(m/e, as (C42H55N504+H)+): 694 

Example 18 

N-{(lR)-2-(3-{(l-cvclohexvl methvl-3-piperidvl)methvl}amino- 
3-oxoproDv Damino-l-(2-carbamovlethvl)-2-oxoethvl}-3.3.3- 
triphenvlpropanamide 
(Step 1) 

Synthesis of 3-amino-N-{(l-cyclohexylmethyl-3-piperidyl) 
methyllpropanamide 

The title compound was prepared by procedures similar to 
Steps 1-4 of Example 17, using 3-aminomethyM-(tert-butoxy- 
carbonyDpiperidine. 
(Step 2) 
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Synthesis of N-{(lR)-2-(3-{(l-cyclohexylmethyl-3-piperidyl) 
me thyllamino' 3 -oxop ropy Oamino- 1 -(2 -carbamoylethy 1) • 2 oxoe thy 1} - 
3,3,3-triphenylpropanamide 

The title compound was prepared by procedures similar to 
5 Steps 5-6 of Example 17 using 3-amino-N-{(l'cyclohexylmethyl-3- 
piperidyl)methyl}propanamide and N-a-(tert-butoxycarbonyl)-y- 
triphenylmethyl-D-glutamine. The compound was obtained as a 
white solid. 

iH-NMR(CD30D, 6ppm): 0.80-0.98(3H, m), 1.15-1.32 
10 (3H, m), 1.47-2.00(16H, m), 2.13(2H, d, J=6.9Hz), 2,31 

(2H, t, J=6.4Hz), 2.86-2.87(2H, m), 2.98-3,04(2H, m), 
3.30-3.37(2H, m), 3.58(lH, d, J=15,0Hz), 3.86 
(IH, d, J=15.0Hz), 3.87-3.9l(lH, m), 7.13-7.30(l5H, m) 
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FAB-MS(m/e, as (C42H55N504+H)+): 694 
Example 19 

N-{(lS)-2-(3-{((3R)-l-cvclohexvlmethvl-3-Diperi(ivl)methvl}- 
amino-3-oxopropvl)amino-l-(lH-imidazol-4-vlmethvl)-2-oxoethvl}- 
3.3.3-triphenvlpropanamide 

The title compound was prepared by successively conducting 
procedures similar to Step 5 of Example 17 and Step 3 of Example 1, 
using (tert-butoxycarbonyl)-N-imidazole-benzyloxycarbonyl -L- 
histidine. The compound was obtained as a white foamy substance. 
iH-NMR(CDCl3, 6ppm): 0.73-2.00(20H, m), 2.02-2.28 
(4H, m), 2.55-2.64(lH, m), 2.67-2.98(3H, m), 3.15-3.33 
(2H, m), 3.60-3,77(2H, m), 4.25-4.34(lH, m), 6.18-6,40 
(2H, m), 6.69(1H, s), 7.15-7.50(l6H, m), 7.44(lH, s) 
FAB-MS(m/e, as (C43H54N603+H)+): 703 

Example 20 

N-{(lR)'2-(3-{(l-cvclohexvlmethvl-3-piperidvDmethvl}amino- 
3-oxopropvDamino-l-(lH-imidazol-4-vlmethvD-2-oxoethvl}'3.3.3-tri- 
phenvlpropanamide 

The title compound was prepared by a method similar to 
Example 19, using 3-amino-N-{(l-cyclohexylmethyl-3-piperidyD- 
methyl}propanamide and N-a, imidazole-di-(tert-butoxycarbonyl)-D- 
histidine. The compound was obtained as a white solid. 

iH-NMR(CDCl3, 6ppm): 0.75-1.80(l9H, m), 1.801.98 
(IH, m), 2.03-2.22(4H, m), 2.56-2.64(lH, m), 2.66-2.92(3H, m), 
3.13-3.32(2H, m), 3.62-3.75(2H, m), 4.25-4.34(lH, m), 
6.36-6.52(lH, m), 6.57(lH, s), 6.55-6.70(lH, m), 7.14-7.32 
(16H, m), 7.41(1H, s) 
FAB-MS(m/e, as (C43H54N603-hH)+): 703 

Example 21 

N-{(lS)-2-(3-{(l-cvclohexvlmethvl-3-piperidvl)methvl}amino- 
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3-oxopropvDamino-l-(2'hvdroxvethvD-2-oxoethvl}-3,3.3-triphenvlpro' 
panamide 

The title compound was prepared by a method similar to 
Example 19, using 3-amino-N-{(l-cyclohexylmethyl-3-piperidyO- 
methyljpropanamide and N-(tert-butoxycarbonyl)-L-homoserine. 
The compound was obtained as a white solid. 

iH-NMR(CDCl3, 6ppm): 0,75'0.90(2H, m), 0.92-1.07(lH,m), 
1.10-1.98(17H, m), 2,03-2.10(2H, m), 2.25-2.34(2H, m), 
2.60-2.70(2H, m), 3.02-3.2l(3H, m), 3.33-3.44(3H, m), 
3.51-3.58(1H, m), 3.67-3.79(2H, m), 4.18-4.27(1H, m), 
6.16-6.22(1H, m), 6.22-6.34(lH, m), 6.67-6.75(lH, m), 
7.15-7.32(15H, m) 
FAB-MS(m/e, as (C4iH54N404+H)+): 667 

Example 22 

N-{2-(3-{((3R)-l-heptvl-3-piperidyl)methvl}amino-3-oxopropyl)- 
amino-2-oxoethvl}-N-methvl-3,3.3-triphenvlpropanamide 

The title compound was prepared by successively conducting 
procedures similar to Steps 1-6 of Example 1 and Example 8, using 
N-(tert-butoxycarbonyl)-N-methyl-glycine. The compound was 
obtained as a colorless soUd. 

iH-NMR(CDCl3, 6ppm): 0.79-2.00(20H, m), 2.17-3.81 
(17H, m), 5.80-6.75(2H, m), 7.10-7.35(l5H, m) 
FAB-MS(m/e, as (C4oH54N403+H)+): 639 

Example 23 

N-{2-(3-{(l-heptvl-3-piperidvl)methvl}amino-3-oxopropvl)- 
amino-2-oxoethvl}-N-methvl-3,3,3-triphenvlpropanamide 

The title compound was prepared by a method similar to 
Example 22, using 3-aminomethyM-(tert-butoxycarbonyl)piperidine. 
The compound was obtained as a colorless sohd. 

iH-NMR(CDCl3, 6ppm): 0.79-2.00(20H, m), 2.17-3.81 
(17H, m), 5.80-6.75(2H, m),7.10-7.35(l5H, m) 
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FAB-MS(in/e, as (C4oH54N403+Hh): 639 



Example 24 

N-{6-{((3S)-3-piperidvl)methvl}amino'6-oxohexvl}'3.3.3- 
trip he nvlp rop a namide 
(Step 1) 

Synthesis of methyl 6-{(tert-butoxycarbonyl)amino}- 
hexanoate 

1,28 Grams of 6-{(tert-butoxycarbonyl)amino}hexanoic acid 
was dissolved in a hquid mixture of 9 ml of chloroform and 3 ml of 
methanol. To the solution 1.27 g of l-ethyl-3-(3-dimethylamino- 
propyOcarbodiimide monohydrochloride and 7 mg of 4-dimethyl- 
aminopyridine were successively added at room temperature, followed 
by 2 hours' stirring at the same temperature. The reaction liquid 
was diluted with chloroform, washed successively with saturated 
aqueous sodium bicarbonate solution and saturated aqueous 
ammonium chloride solution, and dried over anhydrous sodium 
sulfate. Distilling the solvent off under reduced pressure, 1.03 g of 
the title compound was obtained. 
(Step 2) 

Synthesis of N-{6-{((3S)-3-piperidy0methyl}amino-6- 

oxohexyl}-3,3,3- triphenylpropanamide 

The title compound was prepared by successively conducting 

procedures similar to Steps 2-5 of Example 1 and Step 2 of Example 

17, using methyl 6-{(tert-butoxycarbonyl)amino}hexanoate. The 

compound was obtained as a white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.98'1.82(l2H, m), 2.06 
(2H, t, J=7.5Hz), 2.31(1H, t, J=11.0Hz), 2.52-2.62(lH, m), 
2.87-3,06(4H, m), 3.10(2H, q, J=6.6Hz), 3.55(2H, s), 
4.87-4.96(lH, m), 5.65-5.72(lH, m), 7.15-7.38(l5H, m) 
FAB-MS(m/e, as (C33H4iN302+H)+): 512 

Example 25 
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N-{6-({(3R)-l-(2-methvlbutvD-3-DiDeridvl}methvDamino-6- 
oxohexvl)-3.3.3-triphenvlpropanamide 

The title compound was prepared by a method similar to 
Step 3 of Example 17, using N-{6-{((3S)-3-piperidyDmethyl}amino-6- 
oxohexyl}-3,3,3-triphenylpropanamide and 2-methylbutanal. The 
compound was obtained as a white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.84-0.9l(6H, m), 0.95-1.16 

(6H, m), 1.36-2.19(14H, m), 2.59-2.72(2H, m), 2.87-2.95 

(2H, m), 3.09-3.27(2H, m), 3.56(2H,s), 4.82-4.90(lH, m), 

5.80-5.92(lH, m), 7.18-7.32(l5H, m) 
FAB-MS(m/e, as (C38H5iN302+H)+): 582 

Example 26 

N-{6-({(3R)-l-(2-methvlpentvl)-3-piperidvl}methvl)amino- 
6-oxohexvl}3.3.3-triphenvlpropanamide 

The title compound was prepared by a method similar to 
Example 25, using 2-methylpentanal. The compound was obtained 
as a white solid. 

iH-NMR(CDCl3, 6ppm): 0.85-0.95(6H, m), 0.97-1.16 

(6H, m), 1.18-2.22(16H, m), 2.62-2.78(2H, m), 2.87-2.94 

(2H, m), 3.08-3.25(2H, m), 3.56(2H, s), 4.80-4.88(lH, m), 

5.80-5.92(lH, m), 7.18-7.37(15H, m) 
FAB-MS(m/e, as (C39H53N302-t-H)+): 596 

Exampe 27 

N-(6-{((3R)-l-ethvl-3-piperidvl)methvl}amino- 6-oxohexvD- 
3.3,3-triphenvIpropanamide 

The title compound was prepared by a method similar to 
Example 25, using acetaldehyde. The compound was obtained as a 
white solid. 

iH-NMR(CDCl3, 6ppm): 0.90-L03(2H, m), 1.07 
(6H, t, J=7.1Hz), 1,43-1.80(7H, m), 1.85-2.96(lH, m), 2.07 
(2H, t, J=7.6Hz), 2.38(2H, q, J=7.2Hz), 2.78-2.85(2H, m), 
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2.85-2.96(2H, m), 3.10-3.20(2H, m), 3.56(2H, s), 2.78-4.88 
(IH, m), 5.77-5.67(lH, m), 7.17-7.38(l5H, m) 
FAB-MS(m/e, as (C35H45N3O2+H3+): 540 



Example 28 

N-(6-(((3R)-l-cvclohexvlmethvl-3-piperidvl)methvl}amino' 
6-oxohexvl)-3,3.3-triphenvlpropanamide 

The title compound was prepared by a method similar to 
Example 25, using cyclohexanecarbaldehyde. The compound was 
obtained as a white foamy substance 

iH-NMR(CDCl3, 6ppm): 0.80-1.80(23H, m), 1.95-2.08 

(5H,m), 2,57-2.65(2H, m), 2.87-2,94(2H, m), 3.13-3.20(2H, m), 

3.56(2H, s), 4.78-4.8l(lH, m), 5.78-5.80(lH, m), 

7.20-7.32(l5H, m) 
FAB-MS(m/e, as (C4oH53N302+H)+): 608 

Example 29 

N-{6-(3-piperidvlmethvDamino-6-oxohexvl}-3.3.3- 

trip he nvlp rop anamide 

The title compound was prepared by a method similar to 

Example 24, using 3-aminomethyl-l-(tert-butoxycarbony0piperidine. 

The compound was obtained as a white foamy substance. 

iH-NMR(CDCl3, 8ppm): 0.98-1.82(l2H, m), 2.06 
(2H, t, J=7.5Hz), 2.31(1H, t, J=11.0Hz), 2.52-2.62(lH, m), 
2.87-3.06(4H, m), 3.10(2H, q, J=6.6Hz), 3.55(2H, s), 
4.87-4.96(lH, m), 5.65-5.72(lH, m),7.15-7.38(l5H, m) 
FAB-MS(m/e, as (C33H4iN302+H)^): 512 

Example 30 

N-(6-{(l-butvl-3-piperidvl)methvl}amino-6-oxohexvl)-3.3.3- 
trip he nvlp rop anamide 

The title compound was prepared by a method similar to 
Step 3 of Example 17, using N-{6-(3-piperidylmethyl)amino-6- 
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oxohexyl}-3,3,3-triphenylpropanamide and n-butylaldehyde. The 
compound was obtained as a white soUd. 

iH"NMR(CDCl3, 5ppm): 0.88-1.13(8H, m), 1.24-1,40 
(2H, m), 1.43-1.78(7H, m), 1,83-1.98(2H, m), 2.04-2.16(3H, m), 
2.38-2.48(2H, m), 2.85-2.97(4H, m), 3.08-3.23(2H, m), 
3.56(2H, s), 4.83-4,92(lH, m), 5.78-5.88(lH, m), 
7.15-7.32(15H, m) 
FAB"MS(m/e, as (C37H49N302+H)-^): 568 

Example 31 

N-(6'{(l-isobutvl-3-piperidvDmethvl}amino-6-oxohexvl)- 
3,3,3- trip he nvlp rop anamide 

The title compound was prepared by a method similar to 
Example 30, using isobutylaldehyde. The compound was obtained as 
a colorless oily substance, 

iH-NMR(CDCl3, 5ppm): 0.80-2.33(24H, m), 2.60-3.05 
(4H, m), 3.05-3.33(2H, m), 3.56(2H, s), 4.77-5,02(lH, m), 
5.80-6.10(lH, m), 7.10-7.55(l5H, m) 
FAB-MS(m/e, as (C37H49N302-i-H)+): 568 

Example 32 

N-{6-({l-(2-ethvlbutvl)-3-piperidvl}methvDamino-6-oxohexvl}- 
3,3.3-triphenvlpropanamide 

The title compound was prepared by a method similar to 
Example 30, using 2-ethylbutanal. The compound was obtained as a 
white soHd, 

iH-NMR(CDCl3, 5ppm): 0.85(6H, t, J=7.4Hz), 0.93-1.19 
(5H, m), 1.19-1.78(10H, m), 1.78-2.30(7H, m), 2.60-3.00 
(4H, m), 3.03-3.3l(2H, m), 3.56(2H, s), 4.77-4.96(lH, m), 
5.82-6.03(lH, m), 7.10-7.38(15H, m) 

FAB-MS(m/e, as (C39H53N302-<-H)-^): 596 

Example 33 
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N-(6-{(l-cvclohexvl-3-piperidvDmethvl}amino-6-oxohexvl)- 
3.3,3'triphenvlpropananiide 

The title compound was prepared by a method similar to 
Example 30, using cyclohexanone. The compound was obtained as 
white solid. 

iH-NMR(CDCl3, 6ppm): 0.83-1.38(lOH, m), 1.40-L94 
(IIH, m), 2.00-2.17(3H, m), 2.20-2,48(2H, m), 2.50-3.03 
(4H, m), 3.03-3.28(2H, m), 3.56(2H, s), 4.79-4.97(lH, m), 
5.82-6.03(lH, m),7.15-7.40(l5H,m) 

FAB-MS(m/e, as (C39H5iN302+H)+):594 

Example 34 

N-(6-{(l-benzvl-3-piperidvDmethvl}amino-6-oxohexvl)- 
3.3.3'triphenvlpropanamide 

The title compound was prepared by a method similar to 
Example 30, using benzaldehyde. The compound was obtained as 
colorless oily substance. 

iH-NMR(CDCl3, 5ppm):0.80-1.88(llH, m), 1.90-2.45 

(4H, m), 2.75-3.28(6H, m), 3.55(2H, s), 3.65-3.92(2H, m), 

4.78- 5.00(lH, m), 6.05-6.30(lH, m), 7.06-7.60(20H, m) 
FAB-MS(m/e, as (C4oH47N302+H)+): 602 

Example 35 

N-(6 -{( 1 -cvclooctvlmethyl' 3 -piperidvl)methvl}amino-6- 
oxohexvl) -3,3,3' trip he nylp rop a namide 

The title compound was prepared by a method similar to 
Example 30, using cyclooctanecarbaldehyde. The compound was 
obtained as a white sohd. 

iH->MR(CDCl3, 6ppm): 0.98-2.10(32H, m), 2.60-2,70 

(2H, m), 2.87-2.93(2H, m), 3.08-3.28(2H,m), 3.56(2H,m), 

4.79- 4.87(lH, m), 5.82-5.92(lH, m), 7.18-7.30(15H, m) 
FAB-MS(m/e, as (C42H57N302-i-H)+): 636 
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Example 36 

N-{6-({l-(l-cvclononen-l-vlmethvl)-3-piperidvl}methvl)- 

amino-6-oxohexvl}-3.3.3-triphenvlDropanamide 

The title compound was prepared by a method similar to 

Example 30, using Ixyclononenecarbaldehyde (WO9804554). The 

compound was obtained as a white solid. 

iH-NMR(CDCl3, 5ppm): 0.95-1.80(22H, m), 1.90-1.98 
(7H,m), 2.58-2.70(2H, m), 2.77(2H, s), 2.87-2.93(2H, m), 
3.12-3.18(2H, m), 3.56(2H, s), 4.78-4.85(lH, m), 5.36-5.43 
(lH,m), 5.65-5.75(lH, m), 7.18-7.30(l5H, m) 
FAB-MS(m/e, as (C43H57N302-hH)+): 648 

Example 37 

N-(6-{(l-allvl-3-piperidvl)methvl}amino-6-oxohexvD- 
3.3.3-triphenvlpropanamide 

The title compound was prepared by a method similar to 
Example 30, using acrylaldehyde. The compound was obtained as a 
pale yellow solid. 

iH-NMR(CDCl3, 5ppm): 0.78-2.24(l5H, m), 2.68-3.27 
(8H,m), 3.56(2H, s), 4.70-4.93(lH, m), 5.05-5.28(2H, m), 
5.50-5.72(lH,m), 5.75-5.98(lH, m), 7.10-7,50(l5H, m) 
FAB-MS(m/e, as (C36H45N302+H)+): 552 

Example 38 

N-{6-({(3S)-l-(2-methvlbutvD'3-piperidvl}methvDamino-6- 
oxohexvl}-3,3.3-triphenvlpropanamide 

The title compound was prepared by successively conducting 
methods which are similar to Examples 24 and 25, using 
(3S)-3-aminomethyM-(tert-butoxycarbonyl)piperidine. The 
compound was obtained as a white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.83-0,92(6H, m), 0.97-1.16 

(6H, m), 1.36-1.95(9H, m), 2.02-2.2l(5H, m), 2.60-2.73(2H, m), 

2.87-2,95 (2H, m), 3.08-3.27(2H, m), 3.56(2H, s), 4.79-4.88 
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(IH, m), 5.78-5.90(lH, m), 7.17-7.33(l5H, m) 
FAB-MS(m/e, as (C38H5iN302+H)+): 582 



Example 39 

(2K)'N-((3S)-3-Diperidvlmethvl)-l'{(2S)-l-(3.3.3-triphenvlDro- 
panovl)pvrrolidin'2-vl}carbonvIpvrrolidine-2-carboxamide 
(Step 1) 

Synthesis of methyl (2R) -pyrrolidine- 2 -carboxy late 
monohyrochloride 

The title compound was prepared by successively conducting 
methods which are similar to Step 1 of Example 24 and Step 2 of 
Example 1, using N-(tert-butoxycarbonyl)"D-proline. 
(Step 2) 

Synthesis of (2R)-N-((3S)-3-piperidylmethyl)-l-{(2S)-l- 
(3,3,3-triphenylpropanoyDpyrrolidin-2-yl}carbonylpyrrolidine-2- 
carboxamide 

The title compound was prepared by successively conducting 
methods which are similar to Steps 1-5 of Example 1 and Step 2 of 
Example 17, using methyl (2R)-pyrrolidine-2-carboxylate 
monohydrochloride and N-(tert-butoxycarbonyl)-L-proline. The 
compound was obtained as a colorless oily substance. 

iH-NMR(CDCl3, 5ppm): 0.93-1.52(3H, m), 1.55-2.03 
(lOH,m), 2.11(1H, t, J=10.1Hz), 2.25-2.33(lH, m), 2.48-2.57 
(lH,m), 2.66-2.80(2H, m), 2.88-3.02(3H, m), 3.28-3.42(2H, m), 
3.43(1H, d, J=14.6Hz), 3.78-3.86(lH, m), 3.91 
(IH, d, J=14.6Hz), 4.10 (IH, t, J=7.1Hz), 4.57(1H, d, J=8.2Hz), 
7.15-7.30(l6H,m) 
FAB-MS(m/e, as (C37H44N403+H)+): 593 

Example 40 

(2R)'N-{((3R)-l-cvclohexvlmethvl-3-piperidv0methvl}-l- 
{(2S)-l-(3,3,3-triphenvlpropanovl)pvrrohdin-2-vl}carbonvlpvrrohdine- 
2- carboxamide 
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The title compound was prepared by a method similar to 
Step 3 of Example 17, using (2R)-N-((3S)-3-piperidylmethyl)-l-{(2S)-l- 
(3,3,3-triphenylpropanoyl)pyrroHdin-2"yl}carbonylpyrrolidine*2- 
carboxamide. The compound was obtained as a white foamy 
substance. 

iH-NMR(CDCl3, 6ppm): 0.78-0.9l(4H, m), 1.10-1.30 
(5H,m), 1.32-1.97(16H, m), 2.00-2.09(2H, m), 2,25-2.33 
(IH, m), 2.50-2.83(4H, m), 3.04-3.13(lH, m), 3.27-3.38(2H, m), 
3,41(1H, d, J=14.6Hz), 3,77-3.86(lH, m), 3.90 
(IH, d, J=14.6Hz), 4.06-4.12(lH, m), 4.55-4.62(lH, m), 
7.13-7.32(l6H,m) 

FAB-MS(m/e, as (C44H56N403+H)+): 689 

Example 41 

(2R)-N-(3-piperidvlmethvl)-l-{(2S)-l-(3.3.3-triphenvl- 
propanovl)pvrroUdin-2-vl}carbonylpyrrolidine-2-carboxamide 
monohvdrochloride 
(Step 1) 

Synthesis of (2R)-l-{(2S)-l-(3,3,3-triphenylpropanoyl)- 
pyrroHdin-2-yl}carbonylpyrrolidine-2-carboxyHc acid 

The title compound was prepared by conducting procedures 
similar to Steps 1-4 of Example 1, using methyl (2R)-pyrrolidine-2" 
carboxylate monohydrochloride and N-(tert-butoxycarbonyl)-L- 
proline. 
(Step 2) 

Synthesis of (2R)-N-(3-piperidylmethyl)-l-{(2S)-l- 
(3,3,3-triphenylpropanoyl)pyrrolidin-2-yl}carbonylpyrroHdine- 
2-carboxamide monohydrochloride 

The title compound was prepared by conducting procedures 
similar to Steps 5-6 of Example 1, using (2R)-l-{(2S)-l-(3,3,3- 
t rip he ny Ip rop anoy l)py rrohdin- 2 -y ijcarbony Ipy rrohdine - 2 - carb oxy he 
acid and 3-aminomethyl-l-(tert-butoxycarbonyDpiperidine. The 
compound was obtained as a white soHd. 
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iH-NMR(CD30D, 6ppm): 1.10-2.16(15H, m), 2.34-2.53 
(IH, m), 2.60-3. 16(5H, m), 3.34-3.54(3H, m), 3.70-3.90(2H, m), 
4.12-4.19(1H, m), 4.35-4.40(lH, m), 7.10-7.30(l5H, m) 

FAB-MS(m/e, as (C37H44N403+H)+): 593 

Example 42 

(2R)-N-{(l-methvl-3-piperidv0methvl}'l-{(2S)-l-(3,3.3- 
trip he nvlp rop a no vl)p vrrolidin- 2 - vl} carbonvlp vrrolidine - 2 - 
carboxamide 

The title compound was prepared by a method similar to 
Step 7 of Example 1 using (2R)-N-(3-piperidylmethyl)-l"{(2S)-l- 
(3,3,3-triphenylpropanoyl)pyrrolidin-2-yl}carbonylpyrrolidine-2" 
carboxamide monohydrochloride and 37% quoous aqueous 
formaldehyde solution. The compound was obtained as s white solid. 
iH-NMR(CDCl3, 5ppm): 0.85-2.05(l3H, m), 2.23-2.35 
(4H, m), 2.46-2.58(lH, m), 2.65-3.90(3H, m), 2.99-3.17 
(IH, m), 3.28-3.47 (3H, m), 3.78-3.90(2H, m), 3.99-4.15 
(2H, m), 4.53-4,62(lH, m), 7.13-7.38(l6H, m) 
FAB-MS(m/e, as (C38H46N403+H)+): 607 

Example 43 

(2R)-N-{(l-benzvl-3-piperidvDmethvl}-l-((2S)-l-(3.3.3- 
triphenvlpropanovDpvrrolLdin-2-vl}carbonvlpvrrolidine-2- 

carboxamide 

The title compound was prepared by a method similar to 
Example 42, using benzaldehyde. The compound was obtained as a 
white solid. 

iH-NMR(CDCl3, 6ppm): 0.75-2.00(l4H, m), 2.11-2.28 
(lH,m), 2.37-2.58(lH, m), 2.60-2.70(lH, m), 2.74-2.90 
(2H, m), 3.02-3.29(2H, m), 3.32-3.56(4H, m), 3.56-3.67 
(IH, m), 3.82-3.97(lH, m), 4.00-4.13(lH, m), 4.52-4.60 
(IH, m), 7.10-7.40(21H, m) 

FAB-MS(m/e, as (C44H5oN403+H)+): 683 
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Example 44 

(2R)-N-{(l-cvclohexvlmethvl-3-piperidvDmethvl)-l-{(2S)-l-(3. 
3.3- triphenvlpropanovDpvrrolidin-2-vl}carbonvlpvrrolidine-2- 

carboxamide 

The title compound was prepared by a method similar to 
Example 42, using cyclohexanecarbaldehyde. The compound was 
obtained as a white sohd. 

iH-NMR(CDCl3, 8ppm): 0.75-0.92(4H, m), 1.11-1.22 
(4H, m), 1.23-2.10(19H, m), 2.24-2.33(lH, m), 2.50-2.86 
(4H, m), 2.98-3,14(lH, m), 3.26-3.38(2H, m), 3.41 
(IH, d, J=14.5Hz), 3.77-3.85(lH,m), 3.87(lH, d, J=14.5Hz), 
4.06-4.16(lH, m), 4.57-4.6l(lH, m), 7.14-7.35(16H, m) 
FAB-MS(m/e, as (C44H56N403+H)^): 689 

Example 45 

(2R)-1-{(2S. 4R)-4-tert-butoxvl-(3.3.3-triphenvlpropanovl) 
pyrrolidin-2-vl}carbonvl-N-((3S)-3-piperidylmethvDpvrrolidine-2- 
carboxamide 
(Step 1) 

Synthesis of (2R)-l-benzyloxycarbonyl-N-({(3R)-l-(tert- 
butoxycarbony0"3-piperidyl}methyDpyrrolidine-2-carboxamide 

The title compound was prepared by a method similar to 
Step 5 of Example 1, using N-benzyloxycarbonyl-D -proline. 

(Step 2) 

Synthesis of (2R)-N-({(3R)-l-(tert-butoxycarbonyl)-3- 
piperidyl}methyl)-pyrroHdine-2-carboxamide 

To a solution of 2.49 g of (2R)-l-benzyloxycarbonyl-N- 
({(3R)-l- (tert-butoxycarbonyl)-3-piperidyl}methy0pyrroHdine- 
2 -carboxamide in 20 ml of methanol, 15 mg of 20% palladium 
hydroxide -carbon catalyst was added, followed by 5 hours' stirring in 
hydrogen atmosphere. After filtering the catalyst off, the solvent 
was distilled off under reduced pressure to provide 1.78 g of the title 
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compound. 
(Step 3) 

Synthesis of (2R)-N-({(3R)-l-(tert-butoxycarbonyl)-3- 
piperidyl}methyM-{(2S, 4R)-4-(tert-butoxy)pyrrolidin-2-yl}carbonyl- 
pyrrolidine-2- carboxamide 

The title compound was prepared by methods similar to 
Steps 1 and 2 of Example 45, using (2R)-N-({(3R)-l-(tert-butoxy- 
carbonyl)-3-piperidyl}methyl)pyrrolidine-2-carboxamide and 
N-benzyloxycarbonyl-0'(tert-butyl)-trans- 4-hydroxy-L-proline. 
(Step 4) 

Synthesis of (2R)-N-({(3R)-l-(tert-butoxycarbonyl)-3- 
piperidyl}methyl)-l-{(2S, 4R)-4-(tert-butoxy)-l-(3,3,3-triphenyl- 
propanoyl)pyrroHdin-2-yl}- carbonylpyrroHdine- 2 -carboxamide 

To a solution of 2.12 g of (2R)-N-({(3R)■l-(tert-butoxy- 
carbonyl)-3■piperidyl}methyl)•l•{(2S, 4R)-4-(tert-butoxy)- 
pyrrolidin-2*yl}carbonylpyrroIidine-2-carboxamide and 1.67 g of 
3,3,3-triphenylpropionic acid in 25 ml of chloroform, , 944 mg of 
1-hydroxybenzotriazole monohydrate and 1.18 g of l-ethyl-3- 
(3-dimethylaminopropyl)carbodiimide monohydrochloride were 
successively added at room temperature, followed by 40 hours* 
stirring at the same temperature. The reaction liquid was diluted 
with chloroform, washed with saturated aqueous sodium bicarbonate 
solution and dried over anhydrous sodium sulfate. DistilUng the 
solvent off under reduced pressure, the residue was purified by means 
of silica gel column chromatography (eluting solvent: fir-om 
hexane/ethyl acetate = 2/1 to ethyl acetate) to provide 2.98 g of the 
title compound. 
(Step 5) 

Synthesis of (2R)-1'{(2S, 4R)-4-tert-butoxy-l-(3,3,3' 
triphenylpropanoyl)pyrrolidin-2-yl}carbonyl-N-((3S)-3- 
piperidylmethyl)pyrroHdine-2' carboxamide 

The title compound was prepared by a method similar to 
Step 2 of Example 17, using (2R)-N-({(3R)-l-(tert-butoxycarbonyl)-3- 
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piperidyl}methyl)-l-{(2S, 4R)-4-(tert-butoxy)-l-(3,3,3-triphenyl- 
[[prop anoyOpy rrolidin- 2 -yllcarbonylpy rrolidine ■ 2 "carboxamide J] 
propanovOpvrrolidin- 2-vl}-carbonvlp vrrolidine- 2-carboxamide . The 
compound was obtained as a white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0,88-1.05(lH, m), 1.12(9H, s), 

1.29- 2.00(10H, m), 2.04(lH, t, J=11.3Hz), 2,25-2.38(2H, m), 
2.42-2.53(lH, m), 2.78-2.88(2H, m), 2.92-3,05(2H, m), 

3.30- 3.40(lH,mX 3.50(lH, d, J=14.7Hz), 3.52-3.58(lH, m), 
3.76-3.83(lH, m), 3.8l(lH, d, J=14.7Hz), 4.27-4.37(2H, m), 
4.57(1H, d, J=6.9Hz), 7.13-7.33(16H, m) 

FAB-MS(m/e, as (C4iH52N404+H)+): 665 



Example 46 

(2R)-1-{(2S, 4R)-4-hvdroxv-l-(3,3,3-triphenvlpropanovD- 
15 pvrrolidin-2-vl}carbonvl-N-((3S)-3-piperidvlmethvl)pvrrohdine-2- 
carboxamide 

To 1.65 gof (2R)-l-{(2S,4R)-4-tert-butoxy-l-(3,3,3- 
triphenylpropanoyl)pyrrohdin-2-yl}carbonyl-N-((3S)"3" 
piperidylmethyDpyrroUdine-2-carboxamide, 5 ml of trifluoroacetic 
20 acid was added at room temperature, followed by 1 hour's stirring at 
the same temperature. The reaction Hquid was distOled off under 
reduced pressure, diluted with chloroform, rendered basic with 4N 
aqueous sodium hydroxide solution, extracted with chloroform and 
dried over anhydrous sodium sulfate. Distilling the solvent off under 
25 reduced pressure, 1.56 g of the title compound was obtained as a 
white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.93-1.08(lH, m), 1.32-1.50 
(lH,m),1.50-2.05(lOH, m), 2.09(lH, t, J=ll,lHz), 
2.23-2.32(lH, m), 2.5l(lH, dt, J=2.3, 9.6Hz), 2.57-2.68 
30 (IH, m), 2.74(1H, d, J=10.9Hz), 2.85-3.02(3H, m), 3,30-3.33 

(IH, m), 3.42(1H, d, J=14.6Hz), 3.58(lH, dd, J=4.1, ll.OHz), 
3.80-3.87(lH, m), 3.90(1H, d, J=14.6Hz), 4.30-4.38(2H, m), 
4.56(1H, d, J=6.9Hz), 7.17-7.32(16H, m) 
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FAB-MS(m/e, as (C37H44N404+H)+): 609 
Example 47 

(2R)-1-{(2S. 4R)-4-hvdroxvl-(3.3.3-triDhenvlpropanovl)- 

5 pvrrolidin'2-vl}carbQnvl-N-{((3R)-l-(2-methvlbutvl)-3-piperidvl)- 
methvl}pvrrolidine-2- carboxamide 

The title compound was prepared by a method similar to 
Step 3 of Example 17, using (2R)-1-{(2S, 4R)-4-hydroxy-l-(3,3,3- 
triphenylpropanoyl)pyrroHdin-2-yl}carbonyl-N-((3S)-3-piperidyl- 
10 methyl)pyrrolidine-2 -carboxamide and 2-methylbutanal. The 
compound was obtained as a white soHd, 

iH-NMR(CDCl3, 5ppm): 0.80-2. 15(24H, m), 2.23-2.35 
(IH, m), 2.57'2.82(4H, m), 3.03-3.18(lH, m), 3.30-3.44(2H, m), 
3.55-3.70(lH, m), 3.80-4.00(2H, m), 4.29-4.40(2H, m), 
15 4.54-4.63(lH, m), 7.18-7.43(l6H, m) 

FAB-MS(m/e, as (C42H54N404+H)+): 679 

Example 48 

(2R)-1-{(2S. 4R)-4-hvdroxv-l-(3.3.3-triphenvlpropanovl)' 
20 pvrrolidin-2-vl}carbonvl-N-{((3R)-l'methvl-3-piperidvl)methvl}- 
pvrrolidine-2- carboxamide 

The title compound was prepared by a method similar to 
Example 47, using 37% aqueous formaldehyde solution. The 
compound was obtained as a white soUd. 
25 iH-NMR(CDCl3, 6ppm): 0.72-0.95(3H, m), 1.23-1.32(3H, m), 

1.43(lH,t, J=11.0Hz), 1.51-2.08(6H, m), 2.25(3H, s), 
2.20-2.34(lH, m), 2.60-2.86(4H, m), 2.96-3.10(lH, m), 
3.28-3.37(lH, m), 3.39(lH, d, J=14.3Hz), 3.59 
(IH, dd, J=3,7,ll.lHz), 3.80-3.9l(lH, m), 3,98 
30 (IH, d, J=14.3Hz), 4.26-4.38(2H, m), 4.55(lH, d, J=7,0Hz), 

7.15-7.40(16H, m) 
FAB-MS(m/e, as (C38H46N404+H)^): 623 
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Example 49 

(2R)-N-(((3R)-1-ethvl-3-piDeridvl)methvl}-l-{(2S. 4R)-4- 
hvdroxv-l-(3.3.3-t riphenvlprQpanovl)pvrrolidin-2-vl}carbonvl 
Dvrrolidine-2-carbQxamide 

The title compound was prepared by a method similar to 
Example 47, using acetaldehyde. The compound was obtained as a 
white solid. 

iH-NMR(CDCl3, 6ppm): 0.88(3H ,t ,J=6,7Hz), 1.03 
(2H, t, J=7.3Hz), 1.23-1.30(1H, m), 1.38(lH, t, J=11.0Hz), 
1.52-2.03(11H, m), 2.25-2.4l(2H, m), 2.14-2.92(3H, m), 
2.99-3,09(lH, m), 3.31-3.36(lH, m), 3.38(lH, d, J=14.3Hz), 
3.57-3.62(lH, m),3,82-3.9l(lH, m), 3.97(lH, d, J=14.3Hz), 
4.28-4.36(2H, m), 4.56(lH, d, J=6,6Hz), 7.17-7.38(16H, m) 

FAB-MS(m/e, as (C39H48N404+H)+): 637 

Example 50 

(2R)-N-(((3R)-l-b utvl-3-piperidvl)methvl}-l-l(2S. 4R)-4> 

hvdroxv l-(3.3.3-triDhenvlpropanovDpvrrohdin-2-vl}carbonvl- 
Pvrrolidine-2-carboxamide 

The title compound was prepared by a method similar to 
Example 47, using n-butylaldehyde. The compound was obtained as 
a white solid. 

iH-NMR(CDCl3, 6ppm): 0.9l(6H, t, J=7.3Hz), 1.25-2.05 
(14H, m), 2.23-2.35(3H, m), 2.63-2.90(4H, m), 3.00-3.10 
(IH, m), 3.31-3.36 (IH, m), 3.38(lH, d, J=14.3Hz), 3.59 
(IH, dd, J=4.2, ll.OHz), 3.81-3.90(1H, m), 3,95 
(IH, d, J=14.3Hz), 4.29-4.38(2H, m), 4.56 
(IH, dd, J=1.3,6.4Hz), 7.17-7.35(16H, m) 

FAB-MS(m/e, as (C4iH52N404+H)-^): 665 

Example 51 

(2R)'1-{(2S. 4R)-4-hvdroxvl-(3.3.3-triphenvlpropanQvl)- 
pvrrohdin-2 -vl}carbonvl-N-{((3R)-l-pentvl-3-piperidvl)methvl}- 
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pyrrolidine ■ 2-carboxamide 

The title compound was prepared by a method similar to 
Example 47, using valeraldehyde. The compound was obtained as a 
white solid. 

iH-NMR(CDCl3, 6ppm): 0.83-2.05(22H, m), 2.22-2.33 
(3H, m), 2.66-2.8l(3H, m), 2.83-2.90(lH, m), 2.99-3.10 
(IH, m), 3.30-3.36(lH, m), 3.39(lH, d, J=14.2Hz), 3.60 
(IH, dd, J=3.6,10.9Hz), 3.83-3.89(lH, m), 3.95 
(IH, d, J=14.2Hz), 4.28-4.36(2H, m), 4.56 
(IH, d, J=6.3Hz), 7.17-7.34(16H, m) 

FAB-MS(m/e, as (C42H54N404+H)+): 679 

Example 52 

(2R)-N-{((3R)-l-hexvl'3-DiperidvDmethvl}-l-{(2S. 4R)-4- 
hvdroxvl-(3.3.3'triphenvlpropanovDpvrrolldin-2-vl}carbonvl- 
p vrrohdine • 2-carboxamide 

The title compound was prepared by a method similar to 
Example 47, using n-hexanal. The compound was obtained as a 
white soHd. 

iH'NMR(CDCl3, 5ppm): 0.78-0.93(6H, m), 1.15-2.10 
(18H, m), 2.20-2.35(3H, m), 2.54-2.65(lH, m), 2,70-2.80 
(2H, m), 2.80-2.9l(lH, m), 3.02-3.12(lH, m), 3.30-3.40(lH, m), 
3.40(1H, d, J=14.5Hz), 3.59(lH, dd, J=3.8, ll.lHz), 3.85 
(IH, dt, J=2,6, 10.4Hz), 3.94(1H, d, J=14.5Hz), 4.29-4.38 
(2H, m), 4,53-4.60(lH, m), 7.17-7.38(l6H, m) 

FAB-MS(m/e, as (C43H56N404+H)+): 693 

Example 53 

(2R)-N-{((3R)-l-cvcIoheptvlmethvI-3-piperidvDmethvl}-l-{(2S. 
4R) -4 - hydroxy • 1 - (3 . 3 . 3 - trip henvlp ropano vl)p vrrolidin- 2 • vllcarbonvl- 
pyrrohdine- 2-carboxamide 

The title compound was prepared by a method similar to 
Example 47, using cycloheptanecarbaldehyde. The compound was 
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obtained as a white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.75-0.90(lH, m), 1.02-2.07 
(27H, m), 2.25-2.33(lH, m), 2.49-2.68(2H, m), 2.70-2.80 
(2H, m), 3.03-3.14(lH, m), 3.30-3,40(lH, m), 3.40 
(IH, d, J=14.5Hz), 3.60(1H, dd, J=3.9, 11.2Hz), 3.80-3.87 
(IH, m), 3.90(1H, d, J=14.5Hz), 4.29-4.40(2H, m), 4.57 
(IH, d, J=6.6Hz), 7.14-7.37(16H, m) 

FAB-MS(m/e, as (C45H58N404+H)-^): 719 

Example 54 

(2R)-N-{((3R)-l-ethvl-3-DiperidvDmethvl}-l-((2S. 4R)-4- 
hvdroxv-l-{3.3.3-tris(4-chlorophenvl)Dropanovl}pvrrolidin-2'vD- 
carbonvlpvrrolidine-2-carboxamide 
(Step 1) 

Synthesis of (2R)-1-((2S, 4R)-4-hydroxy-l -{3,3,3- tris(4- 
chloropheny0propanoyl}pyrroUdin-2■yDcarbonyl■N-((3S)-3■ 
piperidylmethyl)pyrrohdine-2-carboxamide 

The title compound was prepared by successively conducting 
Step 4 of Example 45 and Example 46, using 3,3,3-tris(4- 
chlorophenyOpropionic acid. 
(Step 2) 

Synthesis of (2R)-N-{((3R)-l-ethyl-3-piperidyl)methyl}-l-((2S, 
4R)-4-hydroxy-l-{(3,3,3-tris(4-chlorophenyi)propanoyl}pyrroHdin-2-yD 
-carbonylpyrrolidine-2-carboxamide 

The title compound was prepared by a method similar to 
Step 3 of Example 17, using (2R)-1-((2S, 4R)-4-hydroxy-l-{3,3,3-tris- 
(4-chlorophenyDpropanoyl}pyrroiidin-2-yl)carbonyl-N-((3S)-3- 
piperidylmethyl)pyrroHdine-2-carboxamide and acetaldehyde. The 
compound was obtained as a white foamy substance. 

iH-NMR(CDCl3, 5ppm): 0.80-l,78(l2H, m), 1.90-2.08 
(5H, m), 2.26-2.40(3H, m), 2.52-2.63(lH, m), 2.73-2.96 
(3H, m), 3.00-3,ll(lH, m), 3.34(lH, d, J=15.1Hz), 3.35-3.42 
(IH, m), 3.60-3.68 (IH, m), 3.84(lH, d, J=15.1Hz), 3.83-3.90 
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(IH, m), 4.35-4.48 (2H, m), 4.56(lH, dd, J=1.4,7.4Hz), 
7.12-7.30(l2H,m) 
FAB-MS(m/e, as (C39H45Cl3N404+H)+): 739 



Example 55 

(2R)-N-{((3R)-l-cvclohexvlmethvl-3-piperidvl)methvl}-l-{(2S. 
4R)-4- hydroxy 1 -(3,3, 3-triphenvlp ropanovl)pvrrolidin-2-vl}carbonvl- 
p yrrolidine - 2 • carboxamide 
(Step 1) 

Synthesis of (2R)-N-{((3R)-l-cyclohexylmethyl-3-piperidyl)- 
me thyllpy rrolidine ■ 2 - carboxamide 

The title compound was prepared by a method similar to 
Steps 2-4 of Example 17, using (2R)-l-benzyloxycarbonyl-N-({(3R)-l- 
(tert"butoxycarbonyl)"3-piperidyl}methyl)pyrrolidine-2-carboxamide. 

(Step 2) 

Synthesis of (2R)-N-{((3R)-l-cyclohexylmethyl- 
3-piperidyl)methyl}-l-{(2S, 4R)-4-hydroxy-l-(3,3,3-triphenyl- 
propanoy])pyrrolidin-2-yl}carbonylpyrrolidine-2-carboxamide 

The title compound was prepared by successively conducting 
methods similar to Steps 1-2 of Example 17, Step 3 of Example 1 and 
Step 4 of Example 17, using (2R)-N-{((3R)-l-cyclohexylmethyl- 
3-piperidyDmethyl}pyrrolidine"2xarboxamide and N-(tert-butoxy- 
carbonyD-O-benzyl-trans-4-hydroxyL-proHne. The compound was 
obtained as a white soUd. 

iH-NMR(CDCl3, 5ppm): 0.80-2.02(24H, m), 2,05 
(2H, d, J=7.0Hz), 2.25-2.35(lH, m), 2.52-2.80(4H, m), 
3.04-3.13(lH, m), 3.30-3.38(lH,m), 3.39(lH, d, J=14.5Hz), 
3,60(1H, dd, J=3.8,11.0Hz), 3.81-3.89(lH, m), 3.91 
(IH, d, J=14.5Hz), 4.30-4.38(2H, m), 4.57 (IH, d, J=6.6Hz), 
7.17-7.33(16H, m) 
FAB-MS(m/e, as (C44H56N404->-H)+): 705 
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Example 56 

(2R)-N'l(l-cvclohexvlmethvl-3-piDeridvl)methvl}-l-{(2S. 
4R)-4-hv droxv-l-(3.3.3'triDhenvlproDanQvl)pvrrolidin-2-vl}carbonvI- 
p vrrolidine - 2 - carb oxamide 

The title compound was prepared by successively conducting 
a method similar to Exampe 55, using 3-aminomethyl-l-(tert-butoxy- 
carbonyDpiperidine. The compound was obtained as a white soHd. 
iH-NMR(CDCl3, 6ppm): 0.73-2.20(26H, m), 2.23-2,34 

(IH, m), 2.53'2.90(4H, m), 2.97-3.13(lH, m), 3.29-3.43(2H, m), 

3.53-3.70(lH, m), 3.80-3.95(2H, m), 4.27-4.40(2H, m), 

4.52-4.60(lH, m), 7.15-7.40(16H, m) 
FAB-MS(m/e, as (C44H56N404+H)+): 705 

Example 57 

(2R)-1-{(2S. 4S)'4-amino-l-(3.3.3-triphenvlpropanovl)- 
Pvrrolidin-2-vl}carbonvl-N-{((3R)-l-cvclohexvlmethvl-3'Piperidvl)- 
me thvl}p vrrolidine -2 -carboxamide 
(Step 1) 

Synthesis of (2R)-N-{((3R)-l-cyclohexylmehyl-3-piperidyD- 
methyl}- 1-{(2S, 4R)-4-(methylsulfonyloxy)-l -(3,3,3- triphenyl- 
propanoyD pyrrolidin-2-yl}carbonylpyrrolidine-2-carboxamide 

To a solution of 30 mg of (2R)•N-{((3R)•l-cyclohexybnehy^ 
3-piperidy0methyl}•l-{(2S, 4R)-4-hydroxy-l-(3,3,3- triphenyl- 
propanoyl)pyrrolidin-2-yl}carbonylpyrrolidine-2-carboxamide in 0.6 
ml of chloroform, 0.018 ml of triethylamine and 0.004 ml of 
methanesulfonyl chloride were added under cooling with ice, followed 
by 50 minutes* stirring at room temperature. The reaction hquid 
was diluted with chloroform, washed with saturated aqueous sodium 
bicarbonate solution and dried over anhydrous sodium sulfate. 
Distilling the solvent off under reduced pressure, the resultant 
residue was purified by means of a preparative thin-layer 
chromatography (Kieselgel™ 6OF254, Art 5744 (Merck), 
chloroform/methanoiy28% aqueous ammonia = lOO/lO/l) to provide 33 
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mg of the title compound. 
(Step 2) 

Synthesis of (2R)-1-{(2S, 4S)-4-azido-l-(3,3,3-triphenyl- 
propanoyl)pyrroHdin-2-yl}carbonyl-N-{((3R)-l-cyclohexylmethyl-3- 
piperidyDmethyl}pyrrohdine-2-carboxamide 

To a solution of 33 mg of (2R)-N-{((3R)-l-[[cyclohexylmehyl]] 
cvclohexvlmethvl -3- piperidyl)methyl}-l-{(2S, 
4R)-4-(methylsulfonyloxy)-l-(3,3,3- triphenylpropanoyl) 
pyrrolidin-2-yl}carbonylpyrroHdine-2- carboxamide in 1 ml of 
N,N-dimethylformamide, 8.3 mg of sodium azide was added at room 
temperature, followed by 10 hours' stirring at 85°C under heating. 
The reaction Hquid was diluted with ethyl acetate, washed with water 
and dried over anhydrous sodium sulfate. Distilling the solvent off 
under reduced pressure, the resultant residue was purified by means 
of a preparative thin-layer chromatography (Kieselgel™ 6OF254, Art 
5744 (Merck), chloroform/methanol/28% aqueous ammonia = 
100/10/1) to provide 25 mg of the title compound. 
(Step 3) 

Synthesis of (2R)-1-{(2S, 4S)-4-amino-l-(3,3,3-triphenyl- 
propanoyDpyrrolidin-2-yl}carbonyl-N-{((3R)-l-cyclohexylmethyl-3- 
piperidyDmethyl}pyrrolidine-2-carboxamide 

To a solution of 24 mg of (2R)-1-{(2S, 4S)-4-azido-l-(3,3,3- 
triphenyl- propanoyl)pyrroHdin-2-yDcarbonyl-N-{((3R)-l- 
cyclohexylmethyl-3-piperidy0methyl}pyrroHdine-2-carboxamide in 
0.5 ml of 20% hydrous tetrahydrofuran, 13 mg of triphenylphosphine 
was added at room temperature, followed by 3 hours' refluxing under 
heating. The reaction Hquid was diluted with chloroform, washed 
with saturated aqueous sodium bicarbonate solution and dried over 
anhydrous sodium sulfate. Distilling the solvent off under reduced 
pressure, the resultant residue was purified by means of a 
preparative thin-layer chromatofraphy chroma to erraohv (Kieselgel™ 
6OF254, Art 5744 (Merck), chloroform/methanoiy28% aqueous ammonia 
= 90/10/1) to provide 16 mg of the title compound in the form of a 
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white solid. 

iH-NMR(CDCl3, 5ppm): 0.75-0.95(4H, m), 1.10-1.32(4H, m), 
1.39(1H, t, J=10.8Hz), 1.40-2.01(15H, m), 2.06 
(2H, d, J=6.9Hz), 2.07-2.18(lH, m), 2.26-2.33(lH, m), 2.54 
(IH, quint, J=6.5Hz), 2.60-2.70(lH, m), 2.70-2.80(lH, m), 
2.89-2,99(lH, m), 3.05-3.17(3H, m), 3.29-3.37(lH, m), 
3.39(1H, d, J=14.3Hz), 3.76-3.82(lH, m), 3.89 
(IH, d, J=14.3Hz), 4.13(1H, t, J=6.6Hz), 4.59 
(IH, dd, J=1.5,8.0Hz), 7.13-7.32(16H, m) 

FAB-MS(m/e, as (C44H57N503+H)-^): 704 

Example 58 

(2R)-N-{((3R)-l-cvclohexvlmethvl-3-piperidvl)methvl}-l-{(2S. 
4S)-4-dimethvlamino-l-(3,3,3-triphenvlpropanovUpvrrolidin-2-vl}- 
carbonvlpvrrolidine-2-carboxamide 

The title compound was prepared by a method similar to 
Step 3 of Example 17, using (2R)-1-{(2S, 4S)-4-amino-l-(3,3,3- 
triphenylpropanoyJ)pyrroHdin-2-yl}carbonyl-N-{((3R)-l-cyclohexyl- 
methyl-3-piperidyl)methyl}pyrrohdine-2-carboxamide and 37% 
aqueous formaldehyde solution. The compound was obtained as a 
white solid. 

iH-NMR(CDCl3, 5ppm): 0.78-0.92(4H, m), l,10-1.27(4H,m), 
1.34-2.00(16H, m), 2.04(2H, d, J=7.2Hz), 2.08(6H, s), 
2.27-2.35(lH, m), 2.60-2.84(4H, m), 3.05-3. 17(2H, m), 
3.27-3.32(lH, m), 3.33(lH, d, J=14.0Hz), 3.78-3,86(lH, m), 
3.90(1H, d, J=14.0Hz), 4.05-4.13(lH, m), 4.59 
(IH, d, J=6.6Hz), 7.16-7.34(16H, m) 

FAB-MS(m/e, as (C46H6iN503+H)-*-): 732 

Example 59 

(2R)-N-{((3R)-l-cvclohexvlmethvl-3-piperidvl)methvl}-l-{(2S. 
4S)-4'hvdroxv-l-(3.3.3-triphenvlpropanovDpvrrolidin-2-vl}- 
carbonvlpvrrolidine-2-carboxamide 
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The title compound was prepared by a method similar to 
Steps 3-4 of Example 45, using (2R)-N-{((3R)-l-cyclohexylmethyl-3- 
piperidyl)methyl}pyrrolidine'2-carboxamide and N-benzyloxy 
carbonyl-cis-4-hydroxy-L-prohne. The compound was obtained as a 
white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.78-0.93(5H, m), 1.10-1.33(5H, m), 
1.43(1H, t, J=10.6Hz), L40-2,01(12H, m), 2.06 
(2H, d, J=7.2Hz), 2.27-2.35(lH, m), 2.53-2.70(3H, m), 
2.71-2.81 (IH, m), 3.07-3.18(lH,m), 3,40(lH, d, J=14.1Hz), 
3.40-3.49(2H, m), 3.88-3.95(lH, m), 3.94(lH, d, J=14.1Hz), 
4.07-4.16(lH, m), 4.19(lH, d, J=7.5Hz), 4.59(lH, d, J=6.2Hz), 
5.62(1H, d, J=11.9Hz), 7.10(1H, t, J=5.9Hz), 7.14-7.38 
(15H, m) 

FAB-MS(m/e, as (C44H56N404-^H)^): 705 
Example 60 

(2R)-1-{(2S. 4R)-4-amino-l-(3.3.3-triphenvlpropanovD- 
pvrroUdin-2-vl}carbonvl-N-{((3R)-l'Cvclohexvlmethvl-3-piperidvD- 
methvl}p vrrolidine -2 -carboxamide 

The title compound was prepared by a method similar to 
Example 57 using (2R)-N-{((3R)-l-cyclohexylmethyl-3-piperidyD- 
methyl}-l-{(2S, 4S)-4-hydroxy-l-(3,3,3-triphenylpropanoyO- 
pyrrolidin-2-yl}carbonylpyrroHdine-2-carboxamide. The compound 
was obtained as a white soHd. 

iH-NMR(CDCl3, Sppm): 0.73-2.10(27H, m), 2.25-2.34 

(IH, m), 2.47-2.69(3H, m), 2.69-2.80(lH, m), 3.10 

(IH, quint, J=6.7Hz), 3.29-3.37(lH, m), 3.42 

(IH, d, J=14.6Hz), 3.59-3.70(2H, m), 3.79-3.85(lH, m), 

3.90(1H, d, J=14.6Hz), 4.30(lH, t, J=7.3Hz), 4.58 

(IH, dd, J=1.6, 7.8Hz), 7.13-7.37(16H, m) 
FAB-MS(m/e, as (C44H57N503+H)-^): 704 

Example 61 
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(2R)-N-{((3R)-l-cvclohexvlmethvl-3-piperidvl)methvl}-l-{(2S. 
4R) ' 4 -dimethvlamino - 1 ■ (3 . 3 . 3 • triphenvlp ropanovQp vrrolidin- 2 - vl} - 
carbonvlp vrrolidine ■ 2'carboxamide 

The title compound was prepared by a method similar to 
Example 58, using (2R)-1'{(2S, 4R)-4-amino-l-(3,3,3- 
triphenylpropanoyl)- pyrrolidin-2-yl}carbonyI-N-{((3R)-l- 
cyclohexyImethyl-3-piperidyl)methyl}pyrrolidine-2-carboxamide. 
The compound was obtained as a white solid. 

iH-NMR(CDCl3, 6ppm): 0.75-0.92(4H, m), 1.10-1.30 
(4H, m), 1.30-1. 75(13H, m), 1.75-1.97(2H, m), 2.04 
(2H, d, J=7.2Hz), 2.12(6H, s), 2.24-2.36(lH, m), 2.37-2.50 
(IH, m), 2.57-2.69(2H, m), 2.70-2.80(lH, m), 3.02-3.15(2H, m), 
3.28-3.38(lH, m), 3.44(lH, d, J=14.7Hz), 3.50-3.60(lH, m), 
3.71-3.80(1H, m), 3,88(lH, d, J=14.7Hz), 
4.24(1H, d, J=8.6Hz), 4.58(lH, d, J=6.5Hz), 7.05 
(IH, t, J=5.3Hz), 7.15-7.32(15H, m) 
FAB-MS(m/e, as (C46H6iN503+H)+): 732 

Example 62 

N-(7-{((3R)-l-cvclohexylmethvl-3-piperidvDmethvl}amino-7- 

oxoheptvl)-3,3.3-triphenvlpropanamide 

The title compound was prepared by successively conducting 

methods similar to Examples 24 and 28, using 7-{(tert"butoxy- 

carbonyl)amino}heptanoic acid. The compound was obtained as a 

white foamy substance. 

iH-NMR(CDCl3, 5ppm): 0.78-1.82(26H, m), 2.10 
(2H, d, J=7.5Hz), 2,17(2H, d, J=6.9Hz), 2.68-2.80(2H, m), 
2.83-2.95(2H, m), 3.08-3.29(2H, m), 3.56(2H, s), 4.74-4.83 
(IH, m), 5.85-6.00(lH, m), 7.10-7.40(l5H, m) 
FAB-MS(m/e, as (C4iH55N302+H)-^): 622 

Example 63 

(2R)-N-(l-cvclohexvlmethvl-4-piperidvD-l-{(2S)-l-(3.3.3- 
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triphenvlproDanovl)pvrrolidin-2-vl}carbonvlDvrrolidine-2- 
carboxamide 

The title compound was prepared by a method similar to 
Step 5 of Example 1, using l-cyclohexylmethyl-4-piperidinamine (JP 
52122378) and (2R)-l-{(2S)-l-(3,3,3-triphenylpropanoyl)pyrroMin-2- 
yl}carbonylpyrrolidine-2-carboxylLC acid. The compound was 
obtained as a white soHd. 

iH-NMR(CDCl3, 5ppm): 0.70-0.92(3H, m), 1.00-1.20 
(3H, m), 1.22-1. 39(3H, m), 1.40-1.93(l4H, m), 1.95-2.05 
(IH, m), 2.07-2.92(2H, m), 2.20-2,29(lH, m), 2.33-2.42(lH, m), 
2.80-2.92(2H,m), 3.28-3.35(2H, m), 3.36(lH, d, J=13.7Hz), 
3.62-3.78(lH, m), 3.85-3.89(lH, m), 3.90(lH, d, J=13.7Hz), 
4.09(1H, t, J=6.7Hz), 4.53(lH, d, J=7.9Hz), 6,86 
(IH, d, J=8.4Hz), 7.13'7.38(15H, m) 
FAB-MS(m/e, as (C43H54N403+H)+): 675 

Example 64 

(2R)-N-(4-piperidvlmethvl)-l-{(2S)-l-(3.3.3-triphenvl- 
propanovDpvrrolidin-2-vl}carbonvlpvrrolidine-2-carboxamide 

The title compound was obtained by successively conducting 
methods similar to Example 63 and Step 2 of Example 17, using 
4-aminomethyl-l-(tert-butoxycarbonyl)piperidine which was 
synthesized by the method of J. D. Prugh, et al. [Svnth. Commun.. Vol. 
22, 2357-2360 (1992)]. The compound was obtained as a pale yellow 
oily substance. 

iH-NMR(CDCl3, 6ppm): 0.90-2.05(l3H, m), 2.27-2.38 
(IH, m), 2.48-2.60(2H, m), 2.62-2.84(2H, m), 2.98-3. 10(3H, m), 
3.28-3.40(2H, m), 3.43(lH, d, J=14.7Hz), 3.75-3.83(lH, m), 
3.84(1H, d, J=14.7Hz), 4.09-4.14(lH, m), 4.57-4.62(lH, m), 
7.15-7.32(16H, m) 
FAB-MS(m/e, as (C37H44N403-hH)-^): 593 

Example 65 
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(2R)-N-{(l-cvclohexvlmethvl-4-piDeridv0methvl}-l-{(2S)-l- 
(3.3.3-triphenvlpropanovDDvrrolidin-2-vl}carbonvlpvrrolidine-2- 
carboxamide 

The title compound was prepared by a method similar to 
Step 3 of Example 17, using (2R)-N-(4-piperidylmethyl)-l-{(2S)-l- 
(3,3,3-triphenylpropanoyl)pyrrolidin-2-yl}carbonylpyrrolidine-2- 
carboxamide. The compound was obtained as a colorless oily 
substance. 

iH-NMR(CD30D, 6ppm): 0.85-1.83(20H, m), 1.85-2.00 
(4H, m), 2.01-2.12(2H, m), 2.15-2.22(2H, m), 2.63-2.73 
(IH, m), 2.81-3.01(4H, m), 3.37-3.53(2H, m), 3.53 
(IH, d, J=15.0Hz), 3.78-3,86(lH, m), 3.90(lH, d, J=15.0Hz), 
4.22(1H, t, J=7.4Hz), 4.37-4.43(lH, m), 7.13-7.3l(l5H, m) 

FAB-MS(m/e, as (C44H56N403+H)+): 689 

Example 66 

(2R)-N-{2-(4-piperidvl)ethvl}-l-{(2S)'l-(3.3.3-triphenvl- 
propanovDpvrrolidin-2-vl}carbonvlpvrrolidine-2-carboxamide 

The title compound was prepared by a method similar to 
Example 64, using 4-aminoethyl-l-(tert-butoxycarbonyl)piperidine 
which was synthesized by the method of B.C. Askew, et al. li Med. 
Chem. . Vol. 40, 1779-1788 (1997)]. The compound was obtained as a 
white foamy substance. 

iH-NMR(CDCl3, 5ppm): 0.98-1. 12(2H, m), 1.22-1.70 
(7H, m), 1.72-2.00(6H, m), 2.25-2.34(lH, m), 5.08 
(2H, dt, J=1.8, 12.0Hz),2,69-2.88(2H, m), 2.97-3.08(2H, m), 
3.12-3.42(3H, m),3.44(lH, d, J=14.8Hz), 3.76-4.0l(lH, m), 
3.86(1H, d, J=14.8Hz), 4.14(lH, t, J=6.9Hz), 4.58 
(IH, d, J=7.7Hz), 7.12-7.30(16H, m) 
FAB-MS(m/e, as (C38H46N403+H)+): 607 

Example 67 

(2R)-N-{2-(l-cvclohexvlmethvl-4-piperidvDethvl}-l-{(2S)-l- 
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(3.3.3- triphe nvlp rop anovQp vr rolidin- 2 - vl}carbonvlp vrrolidine ' 2 - 
carboxamide 

The title compound was prepared by a method similar to 
Step 3 of Example 17, using (2R)-N-{2-(4-piperidyl)ethyl}-l-{(2S)-l- 
(3,3,3-triphenylpropanoyl)pyrrohdin-2-yl}carbonylpyrrohdine'2- 
carboxamide. The compound was obtained as a colorless oily 
substance. 

iH-NMR(CD30D, 6ppm): 0.83-1.82(22H, m), 1,85-2.00 
(4H, m), 2.01-2.10(2H, m), 2.15-2.2l(2H, m), 2.64-2.77 
(IH, m), 2.86-3,00 (3H, m), 3.10-3.22(1H, m), 3.38-3.50 
(2H, m), 3.54(1H, d, J=15.3Hz), 3,76-3.84(lH, m), 3.91 
(IH, d, J=15,3Hz),1.22(lH, t, J=7,3Hz), 4.38-4.42(lH, m), 
7.13-7.32(15H, m) 

FAB-MS(m/e, as (C45H58N403+H)^): 703 

Example 68 

N-{3-(2-{((3R)-l-cvclohexvlmethvl-3-piperidvDmethvl}amino- 
2-oxoethyl)amino"3-oxopropyl}-3,3.3-triphenylpropanamide 
(Step 1) 

Synthesis of 2-amino-N-{((3R)-l-cyclohexylmethyl-3- 
piperidyl)methyl}acetamide 

The title compound was prepared by conducting procedures 
similar to Steps 1-2 of Example 17, using (3R)-3-aminomethyl-l- 
(cyclohexylmethyOpiperidine and (tert-butoxycarbonyD-glycine. 
(Step 2) 

Synthesis of N-{3-(2-{((3R)-l-cyclohexylmethyl-3- 
piperidyl)methyl}amino-2-oxoethyl)amino-3-oxopropyl}-3,3,3- 
triphenylpropanamide 

The title compound was prepared by successively conducting 
procedures similar to Steps 1-2 of Example 17 and Step 4 of Example 
45, using 2-amino-N-{((3R)-l-cyclohexylmethyl-3-piperidyl)methyl}- 
acetamide and N-(tert-butoxycarbonyD'6-alanine. The compound 
was obtained as a white foamy substance. 
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iH-NMR(CDCl3, 5ppm): 0.78-2.08(22H, m), 2.54-2.64 
(2H,m), 3.14-3.27(4H, m), 3.56(2H, s), 3.75(2H, d, J=5.3Hz), 
5.88-5.95(2H, m), 6.39-6,42(lH, m),7.16-7.3l(l5H, m) 

FAB-MS(in/e, as (C39H5oN403+H)+): 623 

Example 69 

(2R,4S)-N-{(l-cvclohexvlmethvl-3-piperidvl)methvl}-4- 
hydroxy- l'{(2S,4R)-l-(3. 3, 3-triphenvlDropanovl)pvrrolidin-2-vl}- 
carbonvlpvrrolidine-2-carboxainide 
(Step 1) 

Synthesis of (2R,4S)-N-{(l-cyclohexylmethyl-3-piperidyl)- 
niethyl}-4-hydroxypyrrolidine-2-carboxamide monohydrochloride 

The title compound was prepared by conducting a method 
similar to Steps 5-6 of Example 1, using 3-aminomethyM- 
(cyclohexylmethyOpiperidine and N-(tert-butoxycarbonyl)"trans-4- 
hydroxy-D-proline. 
(Step 2) 

Synthesis of (2R,4S)-N-{(l-cyclohexylmethyl-3-piperidyl)- 
methyl}-4-hydroxy-l-{(2S,4R)-l-(3,3,3-triphenylpropanoyl)- 
py rrohdin- 2 -yOcarbony Ipy rroUdine • 2 -carboxyamide 

The title compound was prepared by successively conducting 
procedures similar to Steps 1-3 of Example 1, using (2R, 4S)-N-{(l- 
cyclohexylmethyl-3-piperidy0methyl}pyrrolidine-2-carboxamide 
monohydrochloride and N-(tert-butoxycarbonyl)-L-proline. The 
product was obtained as a white soHd. 

iH-NMR(CDCl3, 6ppm): 0.75-0.96(3H, m), 1.08-1.32 
(4H, m), 1.38-2.20(19H, m), 2.30-2.43(lH, m), 2.56-2.85 
(4H, m), 2.93-3. 15(1H, m), 3.25-3.32(lH, m), 3.38-3.43 
(2H, m), 3.85-3.93(2H, m), 4.00-4.10(lH, m), 4.38-4.49 
(IH, m), 4.65(1H, dd, J=4.4,8.2Hz), 7.13-7.33(16H, m) 
FAB-MS(m/e, as (C44H56N404■^-H)^): 705 

Example 70 
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(2R 4S)-N-{(l-cvclohexvlmethvl-3-DiperidvDmethvl}-l-f(2S. 
4R)-4-hvdroxvl-(3.3.3-triphenvlpropanovl)pvrrolidin-2-vl}carbonvl-4- 
hvdroxvpvrrolidine-2- [[carboxvamidell carboxamide 

The title compound was prepared by a method similar to 
Step 2 of Example 55, using (2R, 4S)-N*{(l-cyclohexylmethyl-3- 
piperidyl)methyl}-4-hydroxypyrrolidine-2-carboxamide monohydro- 
chloride. The compound was obtained as a white soHd. 

iH-NMR(CDCl3, 6ppm): 0.70-0.94(3H, m), 1.08-1.32 

(4H, m), 1.39-2. 13(17H, m), 2.14-2.23(2H, m), 2.42-2.53 

(IH, m), 2.57-2.70(lH, m), 2.72-2.88(2H, m), 2.88-3.08(lH, m), 

3.31-3.48(2H, m), 3.56-3.62(lH, m), 3.68-3.90(2H, m), 

4.27-4.39(3H, m), 4.52-4.60 

(lH,m),7.13-7.30(l6H,m) 
FAB-MS(m/e, as (C44H56N405+H)+): 721 

Example 71 

(2R)-1-{(2S. 4S)-4-acetoxvl-(3.3.3-triphenvlpropanolv)- 
pvrrohdin'2-vl}carbonvl-N-{((3R)-l-cvclohexvlmethvl-3-piperidvl)- 
methvl}pvrrohdine-2-carboxamide 

A solution of 40 mg of (2R)-N-{((3R)-l-cyclohexylmethyl-3- 
piperidyDmethyl}-l-{(2S, 4R)-4-(methylsulfonyloxy) -1 -(3,3,3 • 
triphenylpropanoyl)pyrrohdin-2-yl}carbonylpyrroUdine"2- 
carboxyamide and 30 mg of tetrabutylammonium acetate in 1 ml of 
N,N-dimethylformamide was stirred at 85°C for 15 hours under 
heating. The reaction Hquid was diluted with ethyl acetate, 
successively washed with water and saturated brine, and dried over 
anhydrous sodium sulfate. The solvent was distilled off under 
reduced pressure, and the resulting residue was purified with a 
preparative thin-layer chromatography (Kieselgel™ 6OF254, Art, 5744 
(Merck), chloroform/me thanoiy28% aqueous ammonia = IOO/8/I), to 
provide 14 mg of the title compound as a colorless oily substance. 

iH-NMR(CDCl3, 6ppm): 0.78-2.10(26H, m), 2.20-2.30 

(IH, m), 2.32-2.50(2H, m), 2.60-2.68(lH, m), 2.73-3.08(4H, m), 
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3.30-3.40 (lH,m), 3.40(lH, d, J=14.6Hz), 3.56'3.70(lH, m), 
3.72-3.80 (IH, m), 4.00(lH, d, J=14.6Hz), 4.25-4.33(2H, m), 
4.52-4.56(lH, m), 7.13-7,45(l6H, m) 
FAB-MS(m/e, as (C46H58N405+H)+): 747 

Example 72 

(2R)-1-{(2S. 4R)-4-acetoxv'l-(3,3,3-triphenvbropanovl)- 
pvrrolidin-2-vl}carbonvl-N-{((3R)-l-cvclohexvlmethvI-3-piperidvl) 
methvl}pvrrolidine-2'carboxamide 

The title compound was prepared by successively conducting 
procedures similar to Step 1 of Example 57 and Example 71, using 
(2R)-N-{((3R)-l-cyclohexylmethyl-3-piperidyl)methyl}-l-{(2S, 4S)-4- 
hydroxy-l-(3,3,3-triphenylpropanoyl)pyrrolidin-2-yl}carbonyl- 
pyrrolidine-2-carboxamide. The compound was obtained as a yellow 
oily substance. 

iH-NMR(CDCl3, 8ppm): 0.70-0.98(4H, m), 1.10-1.38(4H, m), 
1.32(1H, t, J=10.7Hz), 1.39-2.20(15H, m), 2.05 
(3H, s), 2.27-2.38 (2H, m), 2.55-2.65(lH, m), 2.68-2.80 
(IH, m), 2.98-3.18(3H, m), 3.31-3.40(lH, m), 3.44 
(IH, d, J=15,3Hz), 3.74(1H, dd, J=4.6, 11.5Hz), 3,79-3.84 
(IH, m), 3.85(1H, d, J=15.3Hz), 4.35(1H, t, J=8.0Hz), 4.59 
(IH, d, J=6.6Hz), 5.20-5.27(lH, m), 7.14-7.32(16H, m) 

FAB-MS(m/e, as (C46H58N405+H)+): 747 

Example 73 

N-{(l-cvclohexvlmethvl-3-piperidvl)methvl}-l-{l-(3.3.3- 
triphenvlpropanovDpvrrolidin-2-vl}carbonvlpvrrolidine-2- 
carboxamide 

The title compound was prepared by successively conducting 
procedures similar to Examples 41 and 44, using methyl pyrroHdine* 
2-carboxylate monohydrochloride and N-(tert-butoxycarbonyD" 
DL-proline. The compound was obtained as a colorless oily 
substance. 
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iH-NMR(CDCl3, 5ppm): 0.60-1. 12(3H, m), 1.15-2.20 
(24H, m), 2.24-2.38(lH, m), 2.46-2.90(3H, m), 2.98-3.19 
(IH, m), 3.20-4.65(8H, m), 7.10-8.20(l6H, m) 

FAB-MS(m/e, as (C44H56N403+H)^): 689 

Example 74 

(2R)-1-{(2S. 4R)-4-hvdroxvl'(3,3.3-triDhenvlpropanovl)- 

pvrrolidin-2-vl}carbonvl-N'{((3R)-l-propvl-3-piDeridvl)methvl}- 

py rrolidine - 2-carboxamide 

The title compound was prepared by a method similar to 

Example 47, using propionaldehyde. The compound was obtained as 

a white solid. 

iH-NMR(CDCl3, 5ppm): 0.80-2.06(l8H, m), 2.20-2.32 
(3H, m), 2.67(1H, d, J=11.4Hz), 2.72-2.82(2H, m), 2.83-2.93 
(IH, m), 2.96-3,08(lH, m), 3.30-3.36(lH, m), 3.39 
(IH, d, J=14.2Hz), 3.61(1H, dd, J=3,6, 11.2Hz), 3.81-3.90 
(IH, m), 3.96(1H, d,J=14.2Hz), 4.28-4.37(2H, m), 4.56 
(IH, d,J=8.0Hz), 7.17-7.38(16H, m) 
ESI-MS(m/e, as (C4oH5oN404-t-H)+): 651 

Example 75 

(2R)-l-f(2S. 4R)-4-hvdroxv-l-(3.3.3-triphenvlpropanovl)- 

pvrrolidin-2-vl}carbonvl-N-{((3R)-l-octvl-3-piperidvl)methvl}- 

pvrrolidine-2-carboxamide 

The title compound was prepared by a method similar to 

Example 47, using n-octanal. The compound was obtained as a 

white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.83-0.95(6H, m), 1.20-1.83 
(18H, m), 1.86-2.02(4H, m), 2.21-2.32(3H, m), 2.64-2.80 
(3H, m), 2.83-2.9l(lH, m), 3.00-3.10(lH, m), 3.31-3.36 
(IH, m), 3.39(1H, d, J=14.4Hz), 3.60(1H, dd, J=3.9, 10.9Hz), 
3.81-3.90(1H, m), 3.95(lH, d, J=14.4Hz), 4.28-4.37(2H, m), 
4.56(1H, dd, J=1.6,7.9Hz), 7.16-7.34(l6H, m) 
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FAB-MS(m/e, as (C45H6oN404+H)+): 721 
Example 76 

(2R)-N-{((3R)-l-cvclopropvlmethvl-3-piperidvl)methvl}- 
5 1-{(2S. 4R)-4-hvdrQxv-l-(3,3,3-triphenvlprQpanovl)pvrrQlidin-2- 
vl}carbonvlpvrrolidine'2-carboxamide 

The title compound was prepared by a method similar to 
Example 47, using cyclop rop a necarb aldehyde. The compound was 
obtained as a white solid. 
10 iH-NMR(CDCl3, 5ppm): 0.04-0.10(2H, m), 0.45-0.53(2H, m), 

88(4H, t, J=6.8Hz), 1.22-1.38(3H, m), 1,42-1.50(1H, m), 
1.55-2.05(6H, m), 2.16-2.32(3H, m), 2.62-2.80(2H, m), 
2.88-2.98 (IH, m), 2,98-3.09(2H, m), 3.30-3.37(lH, m), 3.39 
(IH, d, J=14,2Hz), 3.61(1H, dd, J=3.8, ll.lHz), 3.82-3.91 
15 (IH, m), 3.97(1H, d, J=14.2Hz), 4.28-4.37(2H, m), 4.53-4.59 

(IH, m), 7.17-7.38(16H, m) 
FAB-MS(m/e, as (C4iH5oN404+H)+): 663 



Example 77 

20 (2R)-N-(((3R)-l'aUvl-3-piperidvDmethvl}-l-{(2S. 4R)-4- 

hvdroxy- 1 ■(3,3.3^triphenvlpropanov^pvrrolidin^2-vl}^ 
carbonvlpvrrolidine^2^carboxamide 

To a solution of 37 mg of (2R)■N•((3S)•3-piperidylmethyD-l■ 
{(2S)•l-(3,3,3-triphenylpropanoyDpyrrolidin•2-yl}carbonylpyrroIidine- 

25 2-carboxamide in 0.9 ml of acetonitrile, 0.0055 ml of allyl bromide and 
25 mg of potassium carbonate were added at room temperature, 
followed by 1.5 hours' stirring at 80°C under heating. The reaction 
Hquid was diluted with chloroform, washed successively with water 
and IN aqueous sodium hydroxide solution, and dried over anhydrous 

30 sodium sulfate. After distilling the solvent off under reduced 
pressure, the resulting residue was purified with a preparative 
thin-layer chromatography (Kieselgel™ 6OF254, Art 5744 (Merck), 
chloroform/methanol/28% aqueous ammonia = lOO/lO/l), to provide 
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23 mg of the title compound as a white solid. 

iH-NMR(CDCl3, 6ppm): 0.80-2. 10(15H, m), 2.24-2.33 
(IH, m), 2.62-2.72(lH, m), 2.73-2.82(lH, m), 2.83-2.92 
(IH, m),2.93-2.9(lH, m), 3.00-3,10(lH, m), 3.30-3.36 
(IH, m),3.39(lH, d, J=14.1Hz), 3.58-3.66(lH, m), 3.80-3.90 
(IH, m),3.95(lH, d, J=14.1Hz), 4.28-4.37(2H, m), 4.52-4.58 
(IH, m), 5.07-5.19(2H, m), 5.82-5.96(lH, m), 
7.17-7.38(16H, m) 
FAB-MS(m/e, as (C4oH48N404+H)+): 649 

Example 78 

(2R)-N-{((3R)-l-cvclohexvlmethvl-3-piperidvl)methvl}-l- 
{(2S. 4R)-4-hvdroxvl-(2-methvl-3.3,3-triDhenvlproDanovl)- 
pvrrolidin-2-vl}carbonvlpvrrolidine-2-carboxamide 

The title compound was prepared by successively conducting 
procedures similar to Step 4 of Example 45, Example 46 and Step 3 of 
Example 17, using 2-methyl-3,3,3-triphenylpropionic acid. The 
compound was obtained as a white solid. 

iH-NMR(CDCl3, 5ppm): 0.70-2.40(31H, m), 2.60-2.90 

(2H, m), 2.97-3.10(lH, m), 3.33-3.43(lH, m), 3.76-3.82(lH, m), 

3.87-4.00(2H, m), 4.18-4.57(2H, m), 4.60-4.75(2H, m), 

6.70-6.80(lH, m), 7.10-7.30(15H, m) 
FAB-MS(m/e, as (C45H58N404+H)'^): 719 

Example 79 

(2R)-1-{(2S. 4S)-4-acetvlamino-l-(3.3,3-triphenvlpropanovl)- 
p vrrolidin- 2 - vl}carbonvl-N- {((3R) - 1 -cvclohexvlme thvl- 3 -piperidvl) • 
methvl}pvrrolidine-2-carboxamide 

To a solution of 22 mg of (2R)-1-{(2S, 4S)-4-amino-l- 
(3,3,3-triphenylpropanoyDpyrrolidin-2-yl}carbonyl-N-{((3R)-l- 
cyclohexylmethyl-3-piperidyl)methyl}pyrrolidine-2-carboxamide in 1 
ml of chloroform, 0.0089 ml of acetic anhydride and 0.0127 ml of 
pyridine were added at room temperature, followed by an hour's 
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stirring at the same temperature. The reaction liquid was diluted 
with chloroform, washed successively with saturated aqueous sodium 
bicarbonate solution and saturated brine, and dried over anhydrous 
sodium sulfate. After distilling the solvent off under reduced 
pressure, the resulting residue was purified with a preparative 
thin-layer chromatography (Kieselgel™ 6OF254, Art 5744 (Merck), 
chloroform/methanol = 8/I), to provide 18 mg of the title compound as 
a white solid. 

iH-NMR(CDCl3, 5ppm): 0.78-0.93(4H, m), 1.12-1,86 
(17H, m), 1,93(3H, s), 1.94-2. 10(4H, m), 2.25-2.33(lH, m), 
2.50-2.70(3H, m), 2.73-2.82(lH, m), 3.10-3.27(2H, m), 
3.34-3.45(lH, m), 3.39(lH, d, J=14.2Hz), 3.84-3.93(lH, m), 
3.88(1H, d, J=14.2Hz), 4.17(lH, d, J=9.3Hz), 4.42-4.51 
(IH, m), 4.53-4.60(lH, m), 7,10-7.33(l6H, m), 
8.00-8.07 (lH,m) 
FAB-MS(m/e, as (C46H59N504-hH)+): 746 

Example 80 

(2R)-N-{((3R)-l-cvclohexvlmethvl-3-piperidvDmethvl}-l-((2S. 
4S)-4-(methvlsulfonvlamino)-l-(3,3.3-triphenvlpropanovDpvrrohdin- 
2-vl}carbonvlpvrrolidine-2-carboxamide 

The title compound was prepared by a method similar to 
Step 1 of Example 57, using (2R)-l-{(2S,4S)-4-amino-l-(3,3,3- 
triphenylpropanoyl)pyrroHdin-2-yl}carbonyl-N-{((3R)-l-cyclohexyl- 
methyl-3piperidyI)methyl}pyrroHdine-2-carboxamide. The 
compound was obtained as a white soHd. 

iH-NMR(CDCl3, 6ppm): 0.78-0,97(3H, m), 1.05-2.10 
(23H, m), 2.25-2.34(lH, m), 2.53-2.85(3H, m), 2.89(3H, s), 
3.07-3.20(lH, m), 3.32-3.55(3H, m), 3.83-4.00(3H, m), 
4.15(1H, d, J=8.7Hz), 4.55-4.6l(lH, m), 7.03-7.13(lH, m), 
7.15-7.40(16H, m) 
FAB-MS(m/e, as (C45H59N505S-hH)+): 783 
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Example 81 

(2R)-N-{((3R)-l-cvclohexvlmethvl-3-piperidvDmethvl}-l- 
{(2S)-4-oxo-l-(3.3.3-triphenvlpropanovl)pvrrolidin-2-vl}carbonvl- 
p vrrolidine • 2 -carboxamide 
5 To a solution of 0.0037 ml of oxaryl chloride in 0.3 ml of 

dichlorome thane, 0.0065 ml of dimethyl sulfoxide was added at-78®C, 
followed by 20 minutes' stirring at the same temperature. Then a 
solution of 25 mg of (2R)-N-{((3R)■l-cyclohexylmethyl■3-piperidyl)■ 
methyl}-l■{(2S, 4R)-4-hydroxy-l-(3,3,3-triphenylpropanoyl)- 
10 pyrroHdin-2-yl}carbonylpyrrolidine-2-carboxamide in 0,9 ml of 

dichloromethane was added at the same temperature, followed by 30 
minutes' stirring, addition of 0.0024 ml of triethylamine at the same 
temperature, and 20 minutes' stirring at room temperature. The 
reaction Hquid was diluted with chloroforom, washed with saturated 
15 brine and dried over anhydrous sodium sulfate. DistiUing the 

solvent off under reduced pressure, the resulting residue was purified 
with a preparative thin-layer chromatography (Kieselgel™ 6OF254, 
Art5744 (Merck); chloroform/methanol = 9/1), to provide 18 mg of the 
title compound as a pale pink solid. 
20 iH-NMR(CDCl3, 5ppm): 0.78-2.20(22H, m) ,2.21-2.36 

(IH, m), 2.47-2,52(2H, m), 2.55-2.90(3H, m), 2.98-3.20(3H, m), 
3.27-3.55(2H, m), 3.80-4.03(3H, m), 4.50-4.63(2H, m), 
6.88-7.05(lH, m), 7.10-7.40(l5H, m) 
FAB-MS(m/e, as (C44H54N404+H)-*-): 703 

25 

Example 82 

(2R)-1-{(2S. 3R, 4S)-3,4-dihvdroxv-l-(3.3.3-triphenvl- 
propanov0pvrrohdin-2-vl}carbonvl'N-((3S)-3-piperidvlmethvl)- 
p vrrohdine • 2 - carboxamide 
30 (Step 1) 

Synthesis of (2S)-3,4-dehydro-l-(3,3,3-triphenylpropanoyl)- 
pyrrolidine- 2 -carboxylic acid 

The title compound was prepared by successively conducting 
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procedures similar to Step 1 of Example 24 and Steps 2-4 of Example 
1, using N-(tert-butoxycarbonyD"3,4-dehydro-L-proline. 
(Step 2) 

Synthesis of (2R)-N-({(3R)-l-(tert-butoxycarbonyl)- 3- 
p ip er idy 1} methyl) ■ 1 -{(2S) ■ 3 , 4- dehydro- 1 ■ (3 , 3 , 3 - trip he ny Ip rop anoy 1) ■ 
pyrrolidin- 2 -yOcarbony Ipy rrolidine- 2-carboxamide 

The title compound was prepared by a method similar to 
Step 4 of Example 45, using (2S)-3,4-dehydro-l-(3,3,3-triphenyl- 
propanoly)pyrroHdine-2-carboxyHc acid and 

(2R)-N-({(3R)-l:(tert-butoxycarbonyl)-3-piperidyl}methyl)pyrroHdine' 

2-carboxamide. 

(Step 3) 

Synthesis of (2R)-N-({(3R)-l-(tert-butoxycarbonyl)-3- 
piperidyl}methyl)-l-{(2S, 3R, 4S)-3,4-dihydroxy'l- 
(3, 3, 3* trip he nylp rop anoyDpyrrolidin- 2 -yOcarbonylpy rrohdine ■ 2 ■ 
carboxamide 

To a solution of 29 mg of (2R)-N■({(3R)■l■(tert-butoxy- 
carbonyD-3■piperidyl}methyD■l-{(2S)■3,4■dehydro■l■(3,3,3-triphenyl- 
propanoyl)pyrrolidin'2-yl}carbonylpyrrolidine-2-carboxamide in 1.5 
ml of 33% hydrous acetonitrile, 6 mg of N-methylmorpholine-N-oxide 
and then 0,0027 ml of 2% aqueous osmium tetroxide solution were 
added under cooling with ice, followed by 66 hours' stirring at room 
temperature. An aqueous sodium thiosulfate solution was added to 
the reaction Uquid, followed by extraction with chloroform and drying 
over anhydrous sodium sulfate. Distilhng the solvent off under 
reduced pressure, the resulting residue was purified with a 
preparative thin-layer chromatography (Kieselgel™ 6OF254, Art 5744 
(Merck), chloroform/methanol = lO/l) to provide 21 mg of the title 
compound. 
(Step 4) 

Synthesis of (2R)-1-{(2S, 3R, 4S)-3,4-dihydroxy-l-(3,3,3- 
trip he nylp rop anoy l)py rroHdin - 2 -y llcarbo ny 1- N* ((3S) - 3 • 
piperidylmethyl) ■ pyrrohdine- 2-carboxamide 

lU 



The title compound was prepared by a method similar to 
Step 2 of Example 17, using (2R)-N-({(3R)-l-(tert-butoxycarbonyl)-3- 
piperidyl}methyl)-l-{(2S, 3R, 4S)-3,4-dihydroxy-l- 
(3,3,3-triphenylpropanoyi)pyrrolidin-2-yl}carbonylpyrrolidine-2- 
carboxamide. The compound was obtained as a white soUd. 

iH-NMR(CDCl3, 6ppm): 0.80-2.10(l2H, m), 2.10-2.25 
(2H, m), 2.48-2.60(lH, m), 2.65-2.94(4H, m), 3.45 
(IH, d, J=14.8Hz), 3.50'3.68(2H, m), 3.77(lH, d, J=14.8Hz), 
3,78-3,84(lH, m), 4.10-4.20(3H, m), 4.51-4.56(1H, m), 
7.17-7.32(16H, m) 
FAB-MS(m/e, as (C37H44N405+H)-^): 625 

Example 83 

(2R)-N'{((3R)-l-ethvl-3-DiDeridvl)methvl}-l-{(2S. 3R. 4S)-3.4- 
dihvdroxv-l-(3.3.3-triphenvlpropanovl)pvrrolidin-2-vl}carbonvl- 
pyrrolidine • 2 -carboxamide 

The title compound was prepared by a method similar to 
Example 77, using (2R)-1-{(2S, 3R, 4S)-3,4-dihydroxy-l-(3,3,3- 
triphenylpropanoy0pyrrolidin-2-yl}carbonyl-N-((3S)-3"piperidyl- 
methyl)pyrrolidine-2-carboxamide and ethyl iodide. The compound 
was obtained as a white solid. 

iH-NMR(CDCl3, 5ppm): 0.77-2.10(l5H, m), 2.20-2.28 

(IH, m), 2.30-2.42(2H, m), 2.46-2.60(lH, m), 2.73-2.82(lH, m), 

2.84-2.93(2H, m), 2.94-3.04(lH, m), 3.42(lH, d, J=14.5Hz), 

3.50-3.64(2H, m), 3.76-3.83(lH, m), 3.85(1H, d, J=14.5Hz), 

4.09-4.17(2H, m), 4.18-4.22(lH, m), 9.06 

(IH, dd, J=l,4, 8.2Hz), 7.13-7.30(16H, m) 
FAB-MS(m/e, as (C39H48N405+H)-*-): 653 

Example 84 

(2R)-N-{((3R)-l'CvclohexvlmethvI-3-piperidvl)methvl}-l- 
{(2S. 3R. 4S)-3,4-dihvdroxv-l-(3.3.3-triphenvlpropanovl)pvrrohdin-2- 
vl}carbonvlpvrrohdine-2-carboxamide 
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The title compound was prepared by a method similar to 
Step 3 of Example 17, using (2R)-l-{(2S,3R,4S)-3,4-dihydroxy 1- 
(3,3,3- triphenylpropanoyl)pyrrolidin-2-yl}" carbonyl-N-((3S)-3- 
piperidylmethyl)pyrrolidine-2-carboxamide. The compound was 
obtained as a white solid. 

iH-NMR(CDCl3, 6ppm): 0.75-0.98(3H, m), 1.12-1.42(5H, m), 
1.43-2.04(15H, m), 2.05(2H, d,J=6.5Hz), 2.18-2.27(lH, m), 
2.28-2.40(lH, m), 2.57-2.63(lH, m), 2,70-2.80(lH, m), 
2.93'3.12(2H, m), 3.44(lH, d, J=14.5Hz), 3.51-3.63(2H, m), 
3.76-3.80(lH, m), 3.8l(lH, d, J=14,5Hz), 4.12-4.19(2H, m), 
4.20-4.25(lH, m), 4.49-4.54(lH, m), 7.13-7.32(l6H, m) 
FAB-MS(m/e, as (C44H56N405+H)^): 721 

Example 85 

(2R)-1-{(2S. 4R)-4-hvdroxv-l-(3.3.3-triDhenvlDroDanovl)- 
pvrrolidin-2-vl}carbonvl-N-{((3R)-l-isobutvl-3-piperidvl)methvl}- 
pvrrolidine-2-carboxamide 

The title compound was prepared by a method similar to 
Example 47, using isobutylaldehyde. The compund was obtained as 
a colorless oily substance. 

iH-NMR(CDCl3, 5ppm): 0.75-2.10(22H, m), 2.22-2.32 

(IH, m), 2.55-2.85(4H, m), 3,01-3.1l(lH, m), 3.30-3.43 

(2H, m),3.55-3.68(lH, m), 3.80-4.00(2H, m), 4.27-4.38(2H, m), 

4.50-4.59(lH, m), 7.13-7.40(l6H, m) 
ESI-MS(m/e, as (C4iH52N404-*-H)+): 665 

Example 86 

(2R)'N-{((3R)-l-propvl-3-piperidvl)methvl}-l-{(2S)-l- 
(3,3,3-triphenvlpropanovl)pvrroHdin-2-vl}carbonvlpvrrohdine-2- 
carboxamide 

The title compound was prepared by a method similar to 
Step 3 of Example 17, using (2R)-N-((3S)-3-piperidylmethyO-l-{(2S)-l- 
(3,3,3-triphenylpropanoyDpyrroHdin-2-y]}carbonylpyrroHdine-2- 
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carboxamide and propionaldehyde. The product was obtained as a 
white solid. 

iH-NMR(CDCl3, 6ppm): 0.75-2. 10(16H, m), 0.90 
(3H, t, J=7.3Hz), 2.23-2.42(3H, m), 2.69-2.86(2H, m), 
2.87-3.07(3H, m), 3.29-3.40 (2H, m), 3.42 
(IH, d, J=14.2Hz),3.78-3.88(lH, m), 3.98(lH, d, J=14.2Hz), 
4.02-4.10(lH, m), 4.53-4.59(lH, m), 7.15-7.40(16H, m) 

ESI-MS(m/e, as (C4oH5oN403+H)-^): 635 

Example 87 

(2R)-N-{((3R)'l-butvI'3-piperidvl)methvl}-l-{(2S)-l-(3.3.3- 
triphenvlpropanovDpvrrolidin-2-vl}carbonvlDvrrolidine-2- 
carboxamide 

The title compound was prepared by a method similar to 
Example 85, using n-butylaldehyde. The product was obtained as a 
white soHd. 

iH-NMR(CDCl3, 6ppm): 0.80-2.50(21H, m), 0.92 
(3H, t, J=7.3Hz), 2.69-2.83(2H, m), 2.85-3.09(3H, m), 
3.29-3.40(2H, m), 3.41 (IH, d, J=14.6Hz), 3.78-3.86(lH, m), 
3.99(1H, d, J=14.6Hz), 4.02-4.08(lH, m), 4.52-4.60(lH, m), 
7.15-7.40(16H, m) 

ESI-MS(m/e, as (C4iH52N403+Hh): 649 

Example 88 

(2R)-N-{(l-ben2vI-2-piperidvl)methvl}-l-{(2S)-l-(3.3.3- 
triphenvlpropanovl)pvrrohdin-2-vl}carbonvlpvrrolidine-2- 
carboxamide 

The title compound was prepared by a method similar to 
Example 63, using 2-aminomethyl-l-benzylpiperidine [cf. Chem . 
Pharm. Bull., 43, 1137-1147 (1995)]. The compound was obtained as 
a white sohd. 

iH-NMR(CDCl3, 6ppm): 0.70-2.08(l3H, m), 2.27-2.39 

(IH, m), 2.42-2.59(lH, m), 2.60-2.85(2H, m), 3.80-3.45(6H, m), 
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3.50-4.18(5H, m), 4.57-4.62(lH, m), 7.10-7.40(21H, m) 
ESI-MS(m/e, as (C44H5oN403+H)+): 683 



Example 89 

(2R)-1-((2S. 4R)-4-hvdroxv-l-{3,3,3-tris(4-chlQrophenvl)- 
propanoyOp vrrolidin-2 • vl)carbonvI'N- {((3S) - 3 -piperidvOmethvl} - 
pyrrolidine • 2 -carboxamide 

The title compound was prepared by successively conducting 
procedures similar to Step 4 of Example 45 and Example 46, using 
3,3,3-tris(4-chlorophenyl)propionic acid. The product was obtained 
as a white solid. 

iH-NMR(CDCl3, 6ppm): 0.80-2.10(l3H, m), 2.27-2.35 
(IH, m), 2.48-2.59(2H, m), 2.84-3.06(4H, m), 3.34-3,42(lH, m), 
3.36(1H, d, J=15.0Hz), 3.6l(lH, dd, J=3.8, ll.OHz), 3.79 
(lH,d, J=15,0Hz), 3,80-3.87(lH, m), 4.37-4.48(2H, m), 
4.55(1H, d, J=6.3Hz), 7.03-7.10(lH, m), 7.14(6H, d, J=8.7Hz), 
7.25(6H, d, J=8.7Hz) 
ESI-MS(m/e, as (C37H4iCl3N404+H)+): 711 

Example 90 

(2R)-1-((2S. 4R)-4-hvdroxvl-{3.3.3-tris(4-fluorophenvl)- 
propanovl}pvrrolidin-2-vDcarbonvl-N-{((3S)-3-piperidvDmethvl}- 
pyrrolidine • 2 -carboxamide 

The title compound was prepared by successively conducting 
procedures similar to Step 4 of Example 45 and Example 46, using 
3,3,3-tris(4-fluorophenyl)propionic acid. The product was obtained 
as a pale yellow solid. 

»H-NMR(CDCl3, 6ppm): 0.83-2.07(l2H, m), 2.08-2.18 
(IH, m), 2.25-2.34(lH, m), 2,48-2.60(2H, m), 2.88-3.05(4H, m), 
3.32-3.40 (IH, m), 3.4l(lH, d, J=15.1Hz), 3.58-3.63(lH, m), 
3.77(1H, d, J=15.1Hz), 3.80-3.88(lH, m), 4.37-4.50(2H, m), 
4.51-4.57(1H, m), 6.96(6H, dd, Jhf=8.6Hz, Jhh=8.6Hz), 
7.05-7.20(lH, m),7.17(6H, dd, Jhf=5.3Hz, Jhh=8.6Hz) 
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ESI-MS(in/e, as (C37H4iF3N404+H)+): 663 

Example 91 

(2R)-1-((2S. 4R)-4-hv(iroxvl-{3.3,3-tris(4-methvlphenvl)- 
propanoyl}pvrrolidin-2'vl)carbonvl-N-{((3S)-3'piperidyl)methyl}' 
pyrrolidine - 2 -carboxamide 
(Step 1) 

Synthesis of methyl 3,3,3-tris(4-choIorophenyl)propionate 
The title compound was prepared by a method similar to 

Step 1 of Example 24, using 3,3,3-tris(4-chlorophenyDpropionic acid, 

(Step 2) 

Synthesis of methyl 3,3,3-tris(4-vinylphenyl)propionate 
The title compound was synthesized referring to Shirakawa, 
et al/s method [i Chem. Soc„ Perkin Trans. 1, 2449-2450 (1997)]. To 
a solution of 71 mg of nickel (Il)-acetylacetonate dihydrate and 289 
mg of triphenylphosphine in 2 ml of 1,2-dimethoxyethane, 0.544 ml of 
1.0 M diisobutylaluminium hydride-toluene solution was added at 
room temperature in nitrogen atmosphere, and the whole system was 
added to a solution of 364 mg of methyl 3,3,3-tris (4-chlorophenyl)- 
propionate and 1.01 g of vinyltributyltin in 5 ml of 1,2-dimethoxy- 
ethane at room temperature, followed by 22 hours' stirring at SO'^C 
Further, a system formed by adding 0.544 ml of 1.0 M diisobutyl- 
aluminium hydride -toluene solution to a solution of 71 mg of nickel 
(Il)-acetylacetonate dihydrate and 289 mg of triphenylphosphine in 2 
ml of 1,2-dimethoxyethane at room temperature in nitrogen 
atmosphere was added at room temperature, followed by 17 hours' 
stirring at 80°C under heating. The reaction hquid was cooled to 
room temperature and IN potassium fluoride was added, followed by 
2 hours* stirring at room temperature. Filtering the reaction Hquid 
through cerite, the filtrate was diluted with ethyl acetate, washed 
successively with water and saturated brine, and dried over 
anhydrous sodium sulfate. Distilling the solvent off under reduced 
pressure, the resulting residue was purified by means of silica gel 
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column chromatography (eluting solvent^ hexane/ethyl acetate = 
300/7 — hexane/ethyl acetate = 300/10) to provide 166 mg of the title 
compound. 

(Step 3) 

5 Synthesis of 3,3,3-tris(4-vinylphenyl)propionic acid 

Fifty-four (54) mg of methyl 3,3,3-tris(4"vinylphenyl)- 
pripionate was suspended in 0.5 ml of dioxane, and to the suspension 
0.5 ml of 4N aqueous lithium hydroxide solution was added at room 
temperature, followed by 17 hours' stirring at 90''C under heating. 
10 The reaction liquid was made acidic by addition of IN hydrochloric 
acid, extracted with chloroform and dried over anhydrous sodium 
sulfate. Distilling the solvent off under reduced pressure, 52.5 mg of 
the title compound was obtained. 

(Step 4) 

15 Synthesis of (2R)-N-({(3R)-l-(tert-butoxycarbonyD-3- 

piperidyl}methyl)-l-((2S,4R)-4-(tert-butoxy)-l'{3,3,3-tris(4-vinyl- 
phenyl)propanoyl}pyrroHdin-2-yl)carbonylpyrroHdine-2-carboxamide 

The title compound was prepared by a method similar to 
Step 4 of Example 45, using 3,3,3-tris(4-vinylphenyl)propionic acid. 

20 (Step 5) 

Synthesis of (2R)-N-({(3R)-l-(tert-butoxycarbonyl)"3- 
piperidyl}methyl)-l-((2S,4R)-4-(tert-butoxy)-l-{3,3,3-tris(4- 
hydroxy me thy Ip he nyl)p rop anoy l}py rroHdin- 2 -yDcarbonylpy rrohdine ■ 
2"carboxamide 

25 To a solution of 30.6 mg of (2R)-N-({(3R)-l-(tert-butoxy 

carbonyl)-3-piperidyl}methyD'l-((2S,4R)-4'(tert-butoxy)-l-{3,3,3- 
tris(4-vinylphenyl)propanoyl}pyrroHdin-2-y0carbonylpyrroHdine-2- 

carboxamide and 48 mg of sodium periodate in 3 ml of 50% hydrous 
acetonitrile, 0.023 ml of 2% aqueous osmium tetroxide solution was 
30 added at room temperature in nitrogen atmosphere, followed by 20 
hours' stirring at the same temperature. To the reaction Hquid 41 



mg of sodium borohydride was added under cooling with ice, followed 
by 4 hours' stirring at room temperature. To the reaction liquid an 
aqueous sodium thiosulfate solution was added, followed by filtration 
with cerite, extraction with chloroform, and drying over anhydrous 
sodium sulfate. Distilling the solvent off under reduced pressure, 
the resulting residue was purified by preparative thin layer 
chromatography [KieselgeF^ 6OF254, Art 5744 (Merck); chloroform / 
methanol = lO/l], to provide 8.4 mg of the title compound. 

(Step 6) 

Synthesis of (2R)-l-((2S,4R)-4-hydroxy-l-{3,3,3-tris(4- 
methylphenyl)propanoyl}pyrrolidin-2-yl)carbonyl-N-{((3S)-3- 

piperidyl)methyl}pyrrolidine-2-carboxamide 

The title compound was prepared by successively conducting 
procedures similar to Example 79, Step 2 of Example 45 and Example 
46, using (2R)-N-({(3R)-l-(tert-butoxycarbonyD-3- 
piperidyl}methyD-l-((2S,4R)-4-(tert-butoxy)-l-{3,3,3-tris(4- 
hydroxymethylphenyDpropanoyl}pyrroHdin-2-yl)carbonylpyrrolidine- 
2-carboxamide. The product was obtained as a white solid, 

iH-NMR(CDCl3, 6ppm): 0.82-2.29(l4H, m), 2.30(9H,s), 
2.50-2.67(2H, m), 2.92(2H, t, J=6.2Hz), 2.98-3.10(2H, m), 
3.32-3.4l(lH, m), 3.33(lH, d, J=14.1Hz), 3.58-3.68(lH, m), 
3,86(1H, d, J=14.1Hz), 3.87-3.9l(lH, m), 4.25-4.36(2H, m), 
4.50-4, 58(1H, m), 7.06(6H, d, J=8,3Hz), 7.18(6H, d, J=8.3Hz), 
7,37-7.46(lH, m) 

ESI-MS(m/e, as (C4oH5oN404+H)^): 651 

Example 92 

(2R)-l-((2S.4R)-4-hvdroxvl-{3,3.3-tris(4-ethvlphenvl)- 
propanovl}pvrrolidin-2-vDcarbonvl-N-{((3S)-3-piperidvl)methvl}- 
pvrrolidine •2-carboxamide 
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(Step 1) 

Synthesis of (2R)-N-({(3R)-l-(tert-butoxycarbonyl)-3- 
piperidyl}methyl)-l-((2S,4R)-4-(tert-butoxy)-l-{3,3,3-tris(4- 
ethylphenyl)propanoyl}pyrrolidin-2-yl)carbonylpyrrolidine- 
2-carboxamide 

To a solution of 15.6 mg of (2R)■N-({(3R)■l-(tert■butoxy■ 
carbonyl) - 3 -p iperidyOmethyl) ■ 1 "((28, 4R) • 4-(tert-butoxy) ■ 1 ■ {3, 3, 3 ■ 
tris(4- vinylphenyl)"propanoyl}pyrrolidin-2-yl)carbonylpyrrolidine- 

2- carboxamide in 0.6 ml of methanol, 5 mg of 10% paUadium-carbon 
catalyst was added at room temperature, followed by 4.5 hours* 
stirring in hydrogen atmosphere. After filtering the catalyst off, the 
solvent was distilled off under reduced pressure to provide 12 mg of 
the title compound. 

(Step 2) 

Synthesis of (2R)-l-((2S,4R)-4-hydroxy-l-{3,3,3-tris- 
(4-ethylphenyl)"propanoyl}pyrroHdin-2-yDcarbonyl-N" {((3S)- 

3- piperidyDmethyl}pyrrolidine-2-carboxamide 

The title compound was prepared by a method similar to 
Example 46, using (2R)-N-({(3R)-l-(tert-butoxycarbonyD-3- 
piperidyI}methyl)-l-((2S,4R)-4-(tert-butoxy)-l-{3,3,3-tris- 
(4-ethylphenyl)propanoyl}pyrrolidin-2-yOcarbonylpyrrolidine-2- 
carboxamide. The compound was obtained as a white solid. 

iH-NMR(CDCl3, 5ppm): 0.97-2.10(l2H, m), 1.22 
(9H, t, J=7.6Hz), 2.12-2.35(2H, m), 2.48-2.60(2H, m), 2,62 
(6H, q, J=7.6Hz), 2.78-3.03(4H, m), 3.30-3.40(lH, m), 3.34 
(IH, d, J=14.0Hz), 3.58-3.65(lH, m), 3.80-3.86(lH, m), 
3.87(1H, d, J=14.0Hz), 4.27-4.38(2H, m), 4.52-4.59(lH, m), 
7.08(6H, d, J=8.3Hz), 7.20(6H, d, J=8,3Hz), 7.27-7.40(lH, m) 

ESI-MS(m/e, as (C43H56N404+H)+): 693 

Example 93 
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(2R)-N-{((3R)-l-ethvl-3-DiperidvDmethvl}-l-((2S.4R)- 
4-hvdroxv-l-{3,3,3-tris(4-ethvlphenvDpropanovl}pvrrolidin-2-vD- 

carbonvIpvrrolidine-2-carboxainide 

The title compound was prepared by a method similar to 
Example 77, using (2R)-l-((2S,4R)-4-hydroxy-l-{3,3,3-tris(4- 

ethylphenyl)propanoyl}pyrroHdin-2-yl)carbonyl-N-{((3S)-3-piperidyl)- 

methyl}pyrrohdine-2-carboxamide and ethyl iodide. The compound 
was obtained as a white solid. 

iH-NMR(CDCl3, 5ppm): 0.78-1.15(6H, m), 1.22 
(9H, t, J=7.6Hz), 1.28-2,10(11H, m), 2.24-2.32(lH, m), 
2.32-2.48(2H, m), 2.6l(6H, q, J=7.6Hz), 2.75-3.04 
(4H, m), 3.29-3.40(2H, m), 3.60-3.68(lH, m), 3.83-4.01 
(2H, m), 4.20-4.33(2H, m), 4.50-4.59(lH, m), 7.08 
(6H, d, J=8.4Hz), 7.23(6H, d, J=8.4Hz), 7.30-7.42(lH, m) 

ESI-MS(m/e, as (C45H6oN404+H)+): 721 

Example 94 

(2R)-l-{(2S.4R)-4-hvdroxv-l-(3.3.3-triphenvlpropanovI)- 

pvrrolidin-2'vl}carbQnvl'N-((3R)-3-piperidvlmethvl)pvrroIidine-2- 
carboxamide 

The title compound was prepared by successively conducting 
procedures similar to Steps 1-4 of Example 45 and Example 46, using 
(3S)-3-aminomethyl- 1 -(tert-butoxycarbonyDpiperidine. The 
compound was obtained as a white solid. 

iH-NMR(CDCl3, 6ppm): 0.88-2.08(l2H, m), 2.21 
(IH, t, J=11.0Hz), 2.27-2.36(lH, m), 2.46-2.58(2H, m), 
2.78-2.99(3H, m), 3.00-3.12(lH, m), 3.30-3.40(lH, m), 3.44 
(IH, d, J=14.7Hz), 3.62(1H, dd, J=4.0, 10.9Hz), 3.78-3.85 
(IH, m), 3.86(1H, d, J=14.7Hz), 4.30-4.40(2H, m), 
4.55-4.62(lH, m), 7.15-7.38(16H, m) 
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ESI-MSWe, as (C37H44N404+H)-^): 609 
Example 95 

(2R)-l-{(2S.4R)-4-hvdroxvl-(3.3.3-triphenvlpropanovD- 
pvrrolidin-2-vl}carbonvl-N-{((3S)- 1 •methvl-3-piperidvDmethvl}- 

pvrrolidine-2-carboxamide 

The title compound was prepared by a method similar to 
Step 3 of Example 17, using (2R)-l-{(2S,4R)-4-hydroxy-l-(3,3,3- 
trip henyprop anoyOpy rrolidin- 2 -yl}carbonyl-N- ((3R) ■ 3-p ip eridyl- 
methyl)pyrrohdine-2-carboxamide and 37% aqueous formaldehyde 
solution. The compound was obtained as a white soHd. 

iH-NMR(CDCl3, 8ppm): 0,68-2.10(l3H, m), 2.24(3H, s), 
2.25-2. 33(1H, m), 2.46-2.55(lH, m), 2.57-2,68(lH, m), 
2.73-2.86(2H, m), 3.03-3.14(lH, m), 3.29-3.40(lH, m), 
3.42(1H, d, J=14.8Hz), 3.6l(lH, dd, J=4.0, 10.7Hz), 
3.79-3.86(lH, m), 3.87(lH, d, J=14.8Hz), 4.32-4.40(2H, m), 
4.54-4.60(lH, m), 7.15-7.35(l6H,m) 

ESI-MSWe, as (C38H46N404+H)+): 623 

Example 96 

(2R)-N-{((3S)-l-ethvl-3-Diperidvl)methvl}-l-{(2S.4R)-4- 
hvdroxv-l-(3.3,3-triphenvlpropanoyl)pyrrolidin-2-yl}- 

carbonvlpvrroHdin-2-carboxamide 

The title compound was prepared by a method similar to 
Example 95, using acetaldehyde. The product was obtained as a 
white soUd. 

iH-NMR(CDCl3, 6ppm): 0.78-2,32(l4H, m), 1.06 
(3H, t, J=7.2Hz), 2.33-2.47(3H, m), 2.71-2.79(lH, m), 
2.82-2.92(2H, m), 3.00-3.12(lH, m), 3.29-3.38(lH, m), 
3.44(1H, d, J=14.8Hz), 3.59(1H, dd, J=4.0, 10.9Hz), 
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3.79-3.85(lH, m), 3.86(lH, d, J=14.8Hz), 4.32-4.40(2H, m), 
4.55(1H, d, J=6.6Hz), 7.13-7.32(l6H, m) 
ESI-MS(m/e, as (C39H48N4O4+HW: 637 



Example 97 

(2R)-l-{(2S.4R)-4-hvdroxvl-(3,3.3-triphenvlpropanovl)- 

Dvrrolidin-2-vl}carbonvl-N-{((3S)-l-Dropvl-3piperidvl)methvl}- 

p vrrolidine - 2 -carboxamide 

The title compound was prepared by a method similar to 
Example 95, using propionaldehyde. The product was obtained as a 
white solid. 

iH-NMR(CDCl3, 6ppm): 0.69-2.08(l5H, m), 0.87 
(3H, t, J=7.4Hz), 2.08-2.38(3H, m), 2.49-2.60(lH, m), 
2.72-2.93(3H, m), 3.00-3.13(lH, m), 3.29-3.40(lH, m), 3,41 
(IH, d, J=14.6Hz), 3.60(1H, dd, J=3.8, ll.OHz), 3.80-3.87 
(IH, m), 3.87(1H, d, J=14.6Hz), 4.30-4.44(2H, m), 4.55-4.62 
(IH, m), 7.15-7.43(16H, m) 

ESI-MS(m/e, as (C4oH5oN404+H)^): 651 

Example 98 

(2R)-N-{((3S)-l-cvclopropvlmethvl-3-piperidvl)methvl}-l-{(2S. 
4R)-4-hvdroxv-l-(3.3,3-triphenvlpropanovl)pvrrohdin-2-vl}- 

carbonvlpvrrohdine-2-carbo xamidfi 

The title compound was prepared by a method similar to 
Example 95, using cyclopropanecarbaldehyde. The product was 
obtained as a white solid. 

iH-NMR(CDCl3, 6ppm): 0,05-0.18(2H, m), 0.43-0.55(2H, m), 
0.70-2.07(l4H, m), 2.18-2,34(3H, m), 2.42-2.55(lH, m), 
2.78'2.94(2H, m), 2.97-3.15(2H, m), 3.30-3.4l(lH, m), 
3.43(1H, d, J=14.9Hz), 3.60(lH, dd, J=4.0, ILlHz), 
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3.78-3.86(lH, m), 3.89(lH, d, J=14.9Hz), 4.30-4.40(2H, m), 
4.57(1H, d, J=7.3Hz), 7.12-7.30(l6H, m) 
ESI-MS(m/e, as (C4iH5oN404+H)+): 663 



Example 99 

(2R)-l-((2S.4R)-4-hvdroxvl-(3.3,3-tris(4-chloroDhenvD- 
propanovl}pvrrolidin-2-vl)carbonvl-N-{((3R)-3-piperidvl)methvl}- 
pyrrolidine - 2 - carb oxamide 
(Step 1) 

Synthesis of (2R)-N-({(3S)- l■(tert■butoxycarbonyl)-3- 
peperidyl}methyl)-l-{(2S,4R)-4-(tert-butoxy)pyrrolidin-2-yl}- 
carbonylpy rrolidine ■ 2 ■ carboxamide 

The title compound was prepared by a method similar to 
Steps 1-3 of Example 45, using (3S)-3*aminomethyl"l"(tert- 
butoxycarbonyDpiperidine. 

(Step 2) 

Synthesis of (2R)-l-((2S,4R)-4-hydroxy-l-{3,3,3-tris(4- 
chlorophenyl)propanoyl}pyrrolidin-2-yl)carbonyl-N" {((3R)-3- 
piperidyl)methyl}pyrrohdine-2-carboxamide 

The title compound was prepared by a method similar to 
Example 88, using (2R)-N-({(3S)-l-(tert-butoxycarbonyl)-3- 

peperidyl}methyl)-l'{(2S,4R)-4-(tert-butoxy)pyrrolidin-2-yl}- 

carbonylpyrrolidine-2-carboxamide. The product was obtained as a 
white foamy substance. 

iH-NMR(CDCl3, 8ppm): 0.83-1.82(8H, m), 1.88-2. 10(4H, m), 
2,13-2. 22(1H, m), 2.28-2.40(2H, m), 2.48-2.59(lH, m), 
2.80-2.88(lH, m), 2.90-3.07(2H, m), 3.08-3.20(lH, m), 
3.29-3.39(lH, m), 3.39(lH, d, J=15.3Hz), 3.60-3.66(lH, m), 
3.73(1H, d, J=15.3Hz), 3.77-3.86(lH, m), 4.39-4.52(2H, m), 
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4.57(1H, d, J=5.6Hz), 7.02-7.20(lH, m), 7.12(6H, d, J=8.9Hz), 
7.24(6H, d, J=8.9Hz) 
ESI-MS(m/e, as (C37H4iCl3N404+H)+): 711 



Example 100 

(2R)-l-((2S.4R)-4-hvdroxvl-{3.3.3-tris(4-fluorophenvl}- 

propanovl}pvrrolidin-2-vl)carbonvl-N-{((3R)-3-piperidvl)methyl}- 

p V r rolidine - 2 -carb oxamide 

The title compound was prepared by a method similar to 
Step 2 of Example 99, using 3,3,3"tris(4-£luorophenyl)propionic acid. 
The compound was obtained as a white sohd. 

iH-NMR(CDCl3, 5ppm): 0.85-2.10(l2H, m), 2.12-2.23 

(IH, m), 2.25-2.40(2H, m), 2.47-2.58(lH, m), 2.80-2.90(lH, m), 
2.91-3.00(lH,m), 3.04-3.18(2H, m), 3.30-3.42(lH, m), 
3.45(1H, d, J=15.4Hz), 3.62(lH, dd, J=4.3, 10,9Hz), 3.72 
(IH, d, J=15.4Hz), 3.77-3.85(lH, m), 4.40-4.50(2H, m), 
4.52-4.60(lH, m), 6.96(6H, dd, Jhf=8.9Hz, Jhh=8.9Hz), 
7.09-7.20(lH, m), 7.15(6H, dd, Jhf=5.3Hz,Jhh=8.9Hz) 
ESI-MS(m/e, as (C37H4iF3N404+H)+): 663 

Example 101 

(2R)-l-{(2S,4R)-4-hvdroxv-l-(3,3,3-triphenvlpropanovl)- 
pvrrohdin-2-vl}carbonvl-N-(4-piperidvlmethvl)pvrrohdine-2- 
carboxamide 
(Step 1) 

Synthesis of methyl (2R)-l-{(2S,4R)-4-(tert-butoxy)- 

py rroHdin- 2 -yl}carbonylpyrroHdine -2 -carboxylate 

The title compound was prepared by procedures similar to 

Steps 1-2 of Example 45, using methyl (2R)-pyrroHdine-2-carboxylate 

and N-a-benzyloxycarbonyl-0-(tert-butyl)'trans-4-hydroxyL-prohne. 
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(Step 2) 

Synthesis of (2R)-l-{(2S,4R)-4-(tert-butoxy)-l-(3,3,3- 
triphenylpropanoyDpyrrolidin-2-yl}carbonylpyrrolidine-2-carboxylic 
acid 

The title compound was obtained by successively conducting 
procedures which were similar to Step 4 of Example 45 and Step 4 of 
Example 1, using methyl (2R)-l-{(2S,4R)-4-(tert-butoxy)pyrrohdin-2- 

yl}carbonylpyrrolidine-2-carboxylate. 

(Step 3) 

Synthesis of (2R)-l-{(2S,4R)-4-hydroxy-l-(3,3,3-triphenyl- 
propanoyl)pyrroUdin-2-yl}carbonyl-N-(4-piperidylmethyl)- 
py rroUdine - 2-carboxamide 

The title compound was prepared by successively conducting 
procedures which were similar to Step 5 of Example 1 and Example 
46, using (2R)-l'{(2S,4R)-4-(tert-butoxy)-l- (3,3,3-triphenyl- 
propanoyDpyrrolidin-2-yl}carbonylpyrrolidine-2-carboxyHc acid and 
4- aminome thyl- 1 ■ (tert-butoxycarbonyOpiperidine . The compound 
was obtained as a colorless oily substance. 

iH-NMR(CDCl3, 6ppm): 1.18-1.72(6H, m), 1.75-2.09(5H, m), 
2.19-2.30(1H, m), 2.57-2.76(3H, m), 2.86(1H, d, J=10.6Hz), 

3.00-3. 12(1H, m), 3,18-3.40(3H, m), 3.52(lH, d, J=14.8Hz), 
3.57(1H, dd, J=4.0, ll.OHz), 3.78(lH, d, J=14.8Hz), 
3.79-3.86(2H, m), 4.30-4.40(2H, m), 4.50-4.59(lH, m), 
7.13-7.32(15H, m), 7.33-7.4l(lH, m) 
ESI-MS(m/e, as (C37H44N404+H)+): 609 

Example 102 

(2R)-l-((2S.4R)-4-hvdroxv-l-(3.3.3-tris(4-chlorophenvl)- 
propanovl}pvrrohdin'2-vl)carbonvl-N-(4-piperidvlmethvl)pvrrohdine' 
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2-carboxamide 

The title compound was prepared by procedures similar to 
Steps 2-3 of Example 101, using 3,3,3-tris(4-chlorophenyDpropionic 

acid. The compound was obtained as a white foamy substance. 

iH-NMR(CDCl3, 5ppm): 0.83-2.08(l2H, m), 2,29-2.45 
(2H, m), 2.46-2.58(2H, m), 2.98-3.16(4H, m), 3.30-3.38(lH, m), 
3.39(1H, d, J-15.0Hz), 3.6 3(1H, dd, J=4.1, IO.8H2), 3.71 
(IH, d, J=15.0Hz), 3.76-3.86(lH, m), 4.38-4.5l(2H, m), 
4.58(1H, d, J=5.9Hz), 7.05-7.20(lH, m), 7.12(6H, d, J=8.8Hz), 
7.24(6H, d, J=8.8Hz) 

ESI-MS(m/e, as (C37H4iCl3N404+H)+): 711 

Example 103 

(2R)-l-((2S,4R)-4-hvdroxvl-{3.3.3-tris(4-fluorophenvl)- 
propanovl}pvrrolidin-2-vl)carbonvl-N-(4-piperidvlme thvl)pvrroldine- 

2-carboxamide 

The title compound was prepared by procedures similar to 
Steps 2-3 of Example 101, using 3,3,3-tris(4-fluorophenyl)propionic 

acid. The compound was obtained as a white soHd. 

iH-NMR(CDCl3, 8ppm): 0.80-2.08(l2H, m), 2.28-2.45 
(2H, m), 2.46-2.57(2H, m), 2.98-3.12(4H, m), 3.32-3.40(lH, m), 
3.44(1H, d, J=15.1Hz), 3.59(1H, dd, J=4.1, 10.8Hz), 3.69 
(IH, d, J=15.1Hz), 3.77-3.87(lH, m), 4.40-4.5l(2H, m), 
4.53-4.6l(lH, m), 6.96(6H, dd, Jhf=8.8Hz, Jhh=8.8Hz), 
7.08-7.20(lH, m), 7.15(6H, dd, Jhf=5.2Hz, Jhh=8.8Hz) 

ESI-MS(m/e, as (C37H4iF3N404+H)+): 663 

Example 104 

(2R)-l-{(2S.4R)-4-hvdroxv'l-(3.3.3-triphenvlpropanovl)- 
pvrrolidin-2'vl}carbonvl-N-(4-piperidvlethvl)pvrrolidine-2- 

126 



carboxamide 

The title compound was prepared by a method similar to 
Step 3 of Example 101 using 4-aminoethyM-(tert-butoxycarbonyl)- 

piperidine. The compound was obtained as a pale yellow oily 
substance. 

iH-NMR(CDCl3, 5ppm): 1.02-2.40(15H, m), 2.52-2.64 
(2H, m), 2.65-2.78(lH, m), 2.85(lH, d, H=10.8Hz), 
3.02-3.1l(2H, m), 3.12-3.24(lH, m), 3.29^3.40(1H, m), 
3.45(1H, d, J=14.6Hz), 3.58(lH, dd, J=4.0, 10.9Hz), 
3.78-3.82(lH, m), 3.83(1H, d, J=14.6Hz), 4.32-4.40(2H, m), 
4.52-4.59(lH, m), 7.12-7.3l(l6H, m) 

ESI-MS(m/e, as (C38H46N404+H)^): 623 

Example 105 

(2R)-l-{(2S.4R)-4-hvdroxvl-(3.3.3-triphenvlpropanovl)- 
pvrrolidin'2-vl}carbonvl-N-{l-methvl-4-piperidvl)ethvl}pvrrolidine- 
2-carboxamide 

The title compound was obtained by a method similar to Step 
3 of Example 17, using (2R)-l-{(2S,4R)-4-hydroxy-l-(3,3,3-triphenyl- 

propanoyl)pyrrolidine-2-yl}carbonyl-N-(4-piperidylethyl)pyrroHdine- 

2 -carboxamide and 37% aqueous formaldehyde solution. The 
compound was obtained as a colorless oily substance. 

iH-NMR(CDCl3, 6ppm): 1.05-2.08(l5H, m), 2.28(3H, s), 

2.29- 2.36(lH, ra), 2.70-2.92(4H, m), 3.12-3.28(1H, m), 

3.30- 3.42(lH, m), 3.43(lH, d, J=14.5Hz), 3.59 
(IH, dd, J=3.8, 10.9Hz), 3.78-3,83(lH, m), 3.84 

(IH, d, J=14.5Hz), 4.32-4.4l(2H, m), 4.53-4.60(lH, m), 
7.13-7.33(16H, m) 
ESI-MS(m/e, as (C39H48N404+H^)- 637 
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Example 106 

(2R)-l-((2S.4R)-4-hvdroxv-l'{3.3.3-tris(4-chlorophenvl)- 
proDanovl}Dvrrolidin-2-vDcarbonvl-N-(4-piDeridvlethvl)pvrrolidine- 
2-carboxamide 

The title compound was prepared by successively conducting 
procedures similar to Step 2 of Example 101 and Example 104, using 
3,3,3-tris(4-chlorophenyl)propionic acid. The compound was 
obtained as a white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.95-1.88(lOH, m), 1.90-2.00 
(2H, m), 2.01-2.12(2H, m), 2.28-2.38(lH, m), 2.46-2.60(3H, m), 
2.98-3,ll(3H, m), 3.20-3.38(2H, m), 3.40(lH, d, J=15.4Hz), 
3.63(1H, dd, J=4.1, ll.OHz), 3.71(1H, d, J=15.4Hz), 
3.73-3.82(lH, m), 4.39-4.52(2H, m), 4.53-4.60(lH, m), 
6.98-7.05(lH, m), 7.10(6H, d, J=8.8Hz), 7.23(6H, d, J=8.8Hz) 

ESI-MS(m/e, as (C38H43Cl3N404+H)+): 725 

Example 107 

(2R)-l-((2S.4R)-4-hvdroxv-l-{3.3.3-tris(4'fIuorophenvl)- 
propanovl}pvrrolidin-2-vl)carbonvl-N-(4-piperidvlethvDpvrrolidine- 
2-carboxamide 

The title compound was prepared by successively conducting 
procedures similar to Step 2 of Example 101 and Example 104, using 
3,3,3-tris(4-fluorophenyDpropionic acid. The compound was 
obtained as a white sohd. 

iH-NMR(CDCl3, 5ppm): 0.85-1.86(lOH, m), 1.88-2.00 
(2H, m), 2.00-2.10(2H, m), 2.27-2.36(lH, m), 2.47-2.60(3H, m), 
2,98-3.06(2H, m), 3.07-3.14(lH, m), 3.15-3.28(lH, m), 
3.30-3.4l(lH, m), 3.45(lH, d, J=15.5Hz), 3.60 
(IH, dd, J=4.2, 10.6Hz), 3.70(lH, d, J=15.5Hz), 3.75-3.85 
(IH, m), 4.41-4.52(2H, m), 4.53-4.60(lH, m), 6.94 
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(6H, dd, Jhf=8.5Hz, Jhh=8.5H2), 7.00-7. 10(1H, m), 7.13 
(6H, dd, Jhf=5.3Hz, Jhh=8.5Hz) 
ESI-MS(m/e, as (C38H43F3N404+H)+): 677 



Example 108 

(2R)-l-((2S.4R)'4>hvdroxv'l-{3.3.3-tris(4-fluorophenvl)- 

propanovl}pvrrolidin-2-vl)carbonvl-N-(l-methvl-4-piperidvlmethvO- 
pvrrolidine-2-carbQxamide 

The title compound was prepared by a method similar to 
Example 105, using (2R)-l-((2S,4R)-4-hydroxy-l-{3,3,3-tris(4 -fluoro- 

p heny Dp rop anoy l}py rrolidin- 2 -y Ocarbony 1- N- (4-p iperidylme thyl) - 

pyrroUdine-2-carboxamide. The compound was obtained as a white 
soHd. 

iH-NMR(CDCl3, 6ppm): 1.12-2.20(l3H, m), 2.3l(3H, s), 
2.32-2,39(lH, m), 2.48-2,58(lH, m), 2,83-2. 94(2H, m), 
2.99-3.10(2H, m), 3.35-3,42(lH, m), 3.45(lH, d, J==15.0Hz), 
3.62(1H, dd, J=4.1, ll.OHz), 3.73(lH, d, J=15.0Hz), 
3.78-3.88(lH, m), 4.40-4.53(2H, m), 4.59(1H, d, J=5.9Hz), 
6.92-7,03(6H, m), 7.08-7,25(7H, m) 

ESI-MS(m/e, as (C38H43F3N404+H)-^): 677 

Example 109 

(2R)-N-{(l-ethvl-4'piperidvl)methvl}-l-((2S.4R)'4-hvdroxv-l- 

{3,3.3-tris(4-fluorophenvDpropanovl}pvrrohdin-2-v0carbonvl- 

py rrohdine • 2 -carboxamide 

The title compound was prepared by a method similar to 
Exampel 93, using (2R)-l-((2S,4R)-4'hydroxy-l-{3,3,3'tris(4- 
fluorophenyl)propanoyl}pyrrohdin-2-yl)carbonyl"N-(4-piperidyl- 
methyDpyrrolidine-2 -carboxamide. The compound was obtained as a 



129 



white soUd. 



iH-NMR(CDCl3, 6ppm): 1.03-2.15(16H, m), 2.29-2.48 
(3H, m), 2.50-2.60(lH, m), 2.86-2.96(2H, m), 2.97-3.10(2H, m), 
3.30-3.40(lH, m), 3.42(lH, d, J=15.1Hz), 3.63 
(IH, dd, J=3.9, ll.OHz), 3.72(1H, d, J=15.1Hz), 3.78-3.88 
(IH, m), 4.40-4.52(2H, m), 4.53-4.6l(lH, m), 6.96 
(6H, dd, Jhf=8.8Hz, Jhh=8.8Hz), 7.07-7.20(1H, m), 
7.16(6H, dd, Jhf=5.3Hz, Jhh=8.8Hz) 

ESI-MS(m/e, as (C39H45F3N404-^-H)•^): 691 

Example 110 

(2R)-l-((2S.4R)-4-hvdroxv-l-{3.3.3-tris(4-fluorophenvl)- 

propanovl}pvrrolLdin-2-vDcarbonvl-N-{l-(2-propvD-4-piperidvl- 

me thvl}p vrrolidine - 2 -carboxamide 

The title compound was prepared by a method similar to 
Example 109, using 2-propyl bromide. The compound was obtained 
as a white soHd. 

iH-NMR(CDCl3, 5ppm): 0.82-2.17(l3H, m), 1.06 
(6H, d, J=6.2Hz), 2.28-2.37(lH, m), 2.48-2.59(lH, m), 
2.66-2.93(3H, m), 2.96-3.10(2H, m), 3.32-3.4l(lH, m), 
3.43(1H, d, J=15,0Hz), 3.63(lH, dd, J=4.3, 10.8Hz), 3.73 
(IH, d, J=15,0Hz), 3.78-3.88(1H, m), 4.38-4.5l(2H, m), 
4.57(1H, d, J=6.7Hz), 6.96(6H, dd, Jhf=8.8Hz, Jhh=8.8Hz), 
7.08-7.20(1H, m), 7.16(6H, dd, Jhf=5.4Hz, Jhh=8.8Hz) 

ESI-MS(m/e, as (C4oH47F3N404+H)+): 705 

Example 111 

(2R)-N-{(l-cvclobutvlmethvl-4-piperidvDmethvl}-l-((2S.4R)- 
4-hvdroxvl-{3.3,3-tris(4-fluorophenvDpropanovl}pirrohdin-2-vl)- 
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carbonvlpvrrolidine-2-carboxamide 

The title compound was prepared by a method similar to 

Example 109, using (bromomethyOcyclobutane. The compound was 
obtained as a white solid. 

5 iH-NMR(CDCl3, 5ppm): 0.82-2.10(20H,m),2,28-2.44 

(2H, m), 2.45-2.60(2H, m), 2.76-2.92(2H, m), 2.97-3.08(2H, m), 
3.30-3.40(lH, m), 3.4l(lH, d, J=15.1Hz), 3.57-3.67(lH, m), 
3.72(1H, d, J=15.1Hz), 3,78-3.87(lH, m), 4,39-4.52(2H, m), 
4.54-3.6l(lH, m), 6.96(6H, dd, Jhf=8.8Hz, Jhh=8.8Hz), 

10 7,06-7.20(lH, m), 7.15(6H, dd, Jhf=5.3Hz, Jhh=8.8Hz) 

ESI-MS(m/e, as (C42H49F3N404+H)-^): 731 



Example 112 

(2R)-N-{(l-cvclopentvlmethvl-4-piperidvDmethvl}-l-((2S.4R)- 
15 4-hvdroxv-l-{3.3.3-tris(4'£LuorophenvDpropanovl}pirrolvdin-2-vl)- 
carbonvlp vrroUdine • 2 -carboxamide 

To a solution of 19 mg of (2R)-l-((2S,4R)-4-hydroxy-l-{3,3,3- 
tris(4-fluorophenyl)propanoyl}pyrroUdin-2-yl)carbonyl-N-(4'piperidyl- 

methyl)pyrrolidine- 2 -carboxamide in 1.5 ml of acetonitrile, 14 mg of 
20 methanesulfonic acid-cy elope ntylme thy 1, 13 mg of potassium 
carbonate and 5 mg of potassium iodide were added at room 
temperature, followed by 24 hours' stirring at 80*^0 under heating. 
The reaction liquid was diluted with chloroform, washed successively 
with water and IN aqueous sodium hydroxide solution, and drired 
25 over anhydrous sodium sulfate. DistiUing the solvent off under 
reduced pressure, the resultant residue was purified by preparative 
thin-layer chromatography [KieselgeFM 6OF254, Art 5744 (Merck), 
chloroform/methanol/28% aqueous ammonia = lOO/lO/l) to provide 16 
mg of the title compound as a white soHd. 

30 iH-NMR(CDCl3, 6ppm): 1.07-2.50(26H, m), 2.82-2.98 
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(2H, m), 3.00-3.12(2H, m), 3.32-3.40(lH, m), 3.44 
(IH, d, J=15.2Hz), 3.62(1H, dd, J=4.3, 10.8Hz), 3.72 
(IH, d, J=15.2Hz), 3.78-3.88(lH, m), 4.40-4.52(2H, m), 
4.53-4.6l(lH, m), 6.96(6H, dd, Jhf=8.8Hz, Jhh=8,8Hz), 
7.07-7.22(lH, m), 7.15(6H, dd, Jhf=5.2Hz, Jhh=8.8Hz) 
ESI-MS(m/e, as (C43H5iF3N404+H)+): 745 

Example 113 

(2R)-N-{(l-cvcloDentvl-4-piDeridvI)methvl}-l-((2S.4R)-4- 
hvdroxv-l-{3.3.3-tris(4-fluoroDhenvl)propanovl}pvrrolidin- 2-vD- 
carbonvlpvrrolidine-2'carboxamide 

The title compound was prepared by a method similar to 
Example 109, using bromocyclopentyl. The compound was obtained 
as a white solid. 

iH-NMR(CDCl3, 6ppm): 1.08-2.20(21H, m), 2.29-2.65 
(3H, m), 3.02-3.18(4H, m), 3.30-3.92(3H, m), 3.42 
(IH, d, J=15.2Hz), 3.71(1H, d, J=15.2Hz), 4.39-4,67(3H, m), 
6.90-7.27(l3H, m) 

ESI-MS(m/e, as (C42H49F3N404+H)-^): 731 

Example 114 

(2R)-l-{(2S.4R)-4-hvdroxvl-{3.3.3'triphenvlpropanovl)- 

pvrrolidin-2-vl}carbonvl-N-(l-methvl-4-piperidvlmethvDpvrrolidine- 
2-carboxamide 

The title compound was prepared by a method similar to 
Example 105, using (2R)-l-{(2S,4R)-4-hydroxy-l-(3,3,3-triphenyl- 
propanoyl)pyrroHdin-2-yl}carbonyl-N-(4-piperidylmethyl)pyrroHdine- 

2-carboxamide. The compound was obtained as a white solid. 

iH-NMR(CDCl3, 5ppm): 1.16-2,08(l3H, m), 2.27(3H, s), 
2.28-2.36(lH, m), 2.70-2.79(2H, m), 2.80-2.9l(2H, m), 
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2.93-3.04(lH, m), 3.30-3.40(lH, m), 3.43(lH, d, J=14.6Hz), 
3.60(1H, dd, J=3.8, ll.OHz), 3.85(lH, d, J=14.6Hz), 
3.86-4.0l(lH, m), 4.32-4.40(2H, m), 4.58(lH, d, J=6.7Hz), 
7.17-7.36(16H, m) 
ESI-MS(m/e, as (C38H46N404+H)+): 623 

Example 115 

(2R)-N-{(3S)-(l-cvclobutvlmethvl-3-DiperidvDmethvl}-l- 

{(2S,4R)-4-hvdroxv'l-(3,3,3-triphenvlpropanovl)pvrrolidin-2-vl}- 

carbonvlp vrrolidine -2 xarboxamide 

The title compound was prepared by a method similar to 
Example 111, using (2R)-l-{(2S,4R)-4-hydroxy-l-(3,3,3-triphenyl- 

propanoyl)pyrrolidin-2-yl}carbonyl-N-((3R)-3-piperidylmethyl)- 

pyrrolidine-2-carboxamide. The compound was obtained as a white 
sohd. 

iH-NMR(CDCl3, 6ppm): 0.65-2.08(l9H, m), 2.25-2.33 
(IH, m), 2.35(2H, d, J=6.9Hz), 2.43-2.58(2H, m), 2.60-2.70 
(IH, m), 2.71-2.82(2H, m), 3.00-3.1l(lH, m), 3.29-3.39(lH, m), 
3.40(1H, d, J=14.5Hz), 3.59(lH, dd, J=3.8, ll.OHz), 
3.80-3.90(lH, m), 3.87(lH, d, J=14.5Hz), 4.30-4.38(2H, m), 
4.52-4.59(lH, m), 7.14-7.36(16H, m) 

ESI-MS(m/e, as (C42H52N404+H)+): 677 

Example 116 

(2R)-N-({(3S)-l-(2.2-dimethvlcvclopentvlmethvl)-3-piperidvl}- 
methvl)-l-{(2S.4R)-4-hvdroxv-l-(3.3.3-triphenvlpropanovl)- 

pvrrolidin'2-vl}carbonvlpvrroHdine-2-carboxamide 

The title compound was prepared by a method similar to 
Example 95, using 2,2-dimethylcyclopentanecarbaldehyde which was 
synthesized following K.D. Hutchinson, et al. [Tetrahedron . Vol. 50, 
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6129-6136 (1994)]. The compound was obtained as a white solid. 

iH-NMR(CDCl3, 6ppm): 0.74(3H, s), 0.80-2,02(20H, m), 
l.OlOH, s), 2.07-2.20(lH, m), 2.21-2.36(2H, m), 2.50-2.92 
(4H, m), 3.00-3.14(lH, m), 3.30-3.40(lH,m), 3.42 
(IH, d, J=14.4Hz), 3.61(1H, dd, J=2.4, ll.lHz), 3.81-3.90 
(IH, m), 3.88(1H, d, J=14,4Hz), 4.30-4.40(2H, m), 

4.55- 4.6l(lH, m), 7.15-7.38(l6H, m) 
ESI-MS(m/e, as (C45H58N404+H)^): 719 

Example 117 

(2R)-N-{((3S)-l-{2-(l-methvlcvcloproDvl)ethvl}-3-piperidvl)- 

methvl}-l-{(2S.4R)-4-hvdroxv-l-(3.3.3-triphenvlpropanovDpvrrolidin- 

2'vl}carbonvlpvrrohdine-2-carboxamide 

The title compound was prepared by a method similar to 
Examples 95, using 3- cyclop ropanebutanal. The compound was 
obtained as a white soHd. 

iH-NMR(CDCl3, 8ppm): 0.18-0.30(4H, m), 0.70-2.07 
(15H, m), 1.01(3H, s), 2.24-2.34(lH, m), 2.35-2.57(3H, m), 
2.68-2.92(3H, m), 3.01-3.13(lH, m), 3.29-3.40(lH, m), 
3.41(1H, d, J=14.5Hz), 3.60(lH, dd, J=3.8, ll.OHz), 
3.79-3.87(lH, m), 3.88(lH, d, J=14.5Hz), 4.30-4.39(2H, m), 

4.56- 4.6l(lH, m), 7.15-7.38(l6H, m) 
ESI-MS(m/e, as (C43H54N404+H)+): 691 

Example 118 

(2R)-N-({(3S)-l'(l-cvclopentvlethvD-3-piperidvl}- 
methvl)-l-{(2S.4R)-4-hvdroxv-l-(3.3.3-triphenvlpropanovDpvrrolidin- 

2- vllcarbonvlp vrrolidine • 2 -carboxamide 

The title compound was prepared by a method similar to 
Example 112, using l-(cyclopentyl)ethyl 4-methylbenzenesulfonate. 
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The compound was obtained as a white foamy substance. 

iH-NMR(CDCl3, 5ppm): 0.80-2.08(24H, m), 2.15-2.40 
(3H, m), 2.50-3.15(5H, m), 3.30-3.53(2H, m), 3.56-3.72 
(IH, m), 3.78-3.93(2H, m), 4.26-4.42(2H, m), 4.53-4.62 
(IH, m), 7.15-7.43(16H, m) 

ESI-MS(m/e, as (C44H56N404+H)+): 705 

Example 119 

(2R)-N-({(3S)-l-(l-cvclohexvlethvl)-3-piperidvl}methvD-l- 

{(2S.4R)-4-hvdroxv-l-(3,3,3-triphenvlpropanovl)pvrrolidin-2'vl}- 

carbonylpyrrolidine-2-carboxamide 

The title compound was prepared by a method similar to 
Step 3 of Example 17, using (2R)-l-{(2S,4R)-4-hydroxy"l-(3,3,3- 

triphenylpropanoyl)pyrrolidin-2-yl}carbonyl-N-((3R)-3-piperidyl- 

methyl)pyrrolidine-2-carboxamide and cyclohexyl methyl ketone. 
The compound was obtained as a white solid. 

iH-NMR(CDCl3, 8ppm): 0.80-2.08(27H, m), 2.22-3.15 
(7H, m), 3,32-3.46(2H, m), 3.58-3.77(lH, m), 3.84-3.93 
(2H, m), 4.28-4.40(2H, m), 4.52-4.60(lH, m), 7.18-7.40 
(16H, m) 

ESI-MSWe, as (C45H58N404+H)-^): 719 

Example 120 

(2R)-N-{((3S)- l-cvclohexvl-3-piperidvDmethvl}- 1- 
{(2S,4R)-4-hvdroxv-l-(3.3.3-triphenvlpropanovl)pvrrolidin-2-vl}- 

carbonvlpvrrolidine-2-carboxamide 

The title compound was prepared by a method similar to 
Example 119, using cyclopentanone. The compound was obtained 
a white solid. 
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iH-NMR(CDCl3, 8ppm): 0.70-2.08(21H, m), 2.26-2.35 
(IH, m), 2.39-2.53(2H, m), 2.79-3.03(3H, m), 3.04-3.18 
(IH, m), 3.30-3.40(lH, m), 3.42(lH, d, J=14.5Hz), 3.58 
(IH, dd, J=4.0, 10.9Hz), 3.79-3.90(lH, m), 3.89 
(IH, d, J=14.5Hz), 4.30-4.40(2H, m), 4.54-4.60(lH, m), 
7.16-7.38(16H, m) 

ESI-MS(m/e, as (C42H52N404+H)+): 677 

Example 121 

(2R)-N-(4-piperidvImethvl)-l-((2S)-l-{3.3.3-tris(4- 
fluorophenvl)propanovl}pvrrolidin-2-vl)carbonvlpvrrolidine-2- 

carboxamide 

The title compound was prepared by a method similar to 
Example 64, using 3,3,3-tris(4-fluorophenyl)propionic acid. The 
compound was obtained as a white foamy substance. 

ioH-NMR(CDCl3, 6ppm): 0.88-1.10(2H, m), 1.44-1.70 
(4H, m), 1.75-2.09(7H, m), 2.30-2.40(lH, m), 2.48-2.60 
(3H, m), 2.92-3.13(4H, m), 3.31-3.48(2H, m), 3.42 
(IH, d, J=14.8Hz), 3.76(1H, d, J=14.8Hz), 3.78-3.84 
(IH, m), 4.21(1H, t, J=6.9Hz), 4.59-4.64(lH, m), 6.97 
(6H, dd, Jhf=8.8Hz, Jhh==8.8Hz), 7.08-7.26(lH, m), 7.18 
(6H, dd, Jhf=5.2Hz, Jhh=8.8Hz) 

ESI-MS(m/e, as (C37H4iF3N403-^H)^): 647 

Example 122 

(2R)-N-{(l'methvl-4-piperidv0methvl}-l-((2S)-l-{3.3.3- 
tris(4-fluorophenvl)propanovl}pvrrolidin-2-vl)carbonvlpvrrohdine-2- 
carboxamide 

The title compound was prepared by a method similar to 
Example 95, using (2R)-N-(4-piperidylmethyl)-l-((2S)-l-{3,3,3-tris- 
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(4-fluorophenyl)propanoyl}pyrrolidin-2"yl)carbonylpyrrolidine-2- 
carboxamide. The compound was obtained as a white soUd. 

iH-NMR(CDCl3, 6ppm): 1.12"1,33(3H, m), 1,35-1.50 
(IH, m), 1.52-1.70(3H, m), 1.77-2.08(7H, m), 2.29(3H, s), 
2.30-2.39(lH, m), 2.60-2.7l(lH, m), 2.80-2.90(2H, m), 
2.91-3.10(2H, m), 3,31-3.50(2H, m), 3.4l(lH, d, J=14.9Hz), 
3.77(1H, d, J=14.9Hz), 3.78-3.85(lH, m), 4.20(lH, t, J=6.9Hz), 
4.58-4.63(lH, m), 6.97(6H, dd, Jhf=8.9Hz, Jhh=8.9Hz), 
7.08-7.23(lH, m), 7.19(6H, dd, Jhf=5.2Hz, Jhh=8.9Hz) 

ESI-MS(m/e, as (C38H43F3N403+H)+): 661 

Example 123 

(2R)-N-{(l-ethvl-4-piperidvDmethvl}-l'((2S)-l-{3.3,3'tris- 
(4-fluorophenvl)propanovl}pvrrolidin-2'vl)carbonvlpvrrolidine-2- 
carboamide 

The title compound was prepared by a method similar to 
Example 93, using (2R)-N-(4-piperidylmethyl)-l-((2S-l-{3,3,3-tris- 

(4-fluorophenyl)propanoyl}pyrrolidin-2-y])carbonylpyrrolidine-2- 

carboxamide. The compound was obtained as a white foamy 
substance. 

iH-NMR(CDCl3, 6ppm): 1.09(3H, t, J=7.1Hz), L15-1.33 
(3H, m), 1.34-1.50(1H, m), 1.52-1.68(3H, m), 1,74-2.08 
(7H, m), 2.29-2.35(lH, m), 2.40(2H, q, J=7.1Hz), 2.60-2.70 
(IH, m), 2,87-2.98(3H, m), 2.99-3, 10(lH, m), 3.30-3.50(2H, m), 
3.39(1H, d, J=14.8Hz), 3.76(lH, d, J=14.8Hz), 3.77-3.83 
(IH, m), 4.19(1H, t, J=6,9Hz), 4,58-4.62(lH, m), 6.95 
(6H, dd, Jhf=8.8Hz, Jhh=8.8Hz), 7.06-7.12(lH, m), 7.17 
(6H, dd, Jhf=5.3Hz, Jhh=8.8Hz) 

ESI-MS(m/e, as (C39H45F3N403-*-H)-^): 675 
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Example 124 

(2R)-N'{(l-propvl-4-piperidvl)methvl}a-((2S)-l-{3.3.3-tris- 
(4'£Luorophenvl)propanovl}pvrrolidin-2-vl)carbonvlpvrrolidine-2- 
carboxamide 

The title compound was prepared by a method similar to 
Example 122, using propionaldehyde. The product was obtained as a 
white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.90(3H, t, J=7.3Hz), 
1.03-2.10(16H, m), 2.22-2.38(3H, m), 2.59-2.70(lH, m), 
2.85-2.99(3H, m), 3.00-3.10(lH, m), 3.30-3.50(2H, m), 
3.40(1H, d, J=14.9Hz), 3.77(lH, d, J=14.9Hz), 3,78-3.84 
(IH, m), 4.20(1H, t, J=6.9Hz), 4.57"4.62(lH, m), 6.95 
(6H, dd, Jhf=8.9Hz, Jhh=8.9Hz), 7.06-7.15(1H, m), 7.18 
(6H, dd, Jhf=5.2Hz, Jhh=8.9Hz) 

ESI-MS(m/e, as (C4oH47F3N403+H)+): 689 

Example 125 

(2R)-N-{(l-cvclopropvlmethvl-4-piperidvl)methvl}-l-((2S)'l- 
{3.3,3-tris(4-fluorophenvl)propanovl}pvrrolidin-2-vDcarbonvl- 
p vrrolidine - 2 -carboxamide 

The title compound was prepared by a method similar to 
Example 122, using cyclopropanecarbaldehyde. The product was 
obtained as a white foamy substance, 

iH-NMR(CDCl3, 6ppm): 0.08-0.14(2H, m), 0.48-0.56 
(2H, m), 0.83-2.10(l5H, m), 2.20-2.28(2H, m), 2.30-2.39 
(IH, m), 2.62-2.72(lH, m), 2.89-2.97(lH, m), 2.99-3.1l(3H, m), 
3.30-3.50(2H, m), 3.4l(lH, d, J=14.9Hz), 3.77(1H, d, 
J=14.9Hz), 3.78-3.86(lH, m), 4.20(lH, t, J=6.9Hz), 
4.58-4,63(lH, m), 6.96(6H, dd, Jhf=8.8Hz, Jhh=8.8Hz), 
7.03-7.12(lH, m), 7.18(6H, dd, Jhf=5.3Hz, Jhh=8.8Hz) 

ESI-MS(m/e, as (C4iH47F3N403+H)+): 701 
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Example 126 

N-{3-((3S)-3-piperidvlmethvl)amino-3-oxopropvl}'l-(3,3.3-trr 
phenvlproi3anovl)-2-pvrrolidinecarboxami(ie 

The title compound was obtained by successively conducting 
procedures similar to Steps 1-5 of Example 1 and Step 2 of Example 
17, using tert-butoxycarbonyl-L-proline. The compound was 
obtained as a white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.95-1.98(llH, m), 2.06-2.12 
(IH, m), 2.18-2.28(2H, m), 2.44-2.56(lH, m), 2.83-3.10 
(4H, m), 3.18-3.32(1H, m), 3.33-3,54(2H, m), 3.63 
(IH, d, J=15.3Hz), 3.77(1H, d, J=15.3Hz), 4.12-4.20(lH, m), 
6.32-6.4l(lH, m), 6.63-6,7l(lH, m), 7.12-7.30(l5H, m) 

ESI-MS(m/e, as (C35H42N403+H)+): 567 

Example 127 

N-{3-({(3R)-l-(cvclQhexvlmethvl)-3-piperidvl}methvlamino)- 

3-oxopropvl}-l-(3.3,3-triphenvlpropanovl)-2-pvrrolidinecarboxamide 

The title compound was prepared by a method similar to 
Example 12, using N-{(3-((3S)-3-piperidylmethyl)amino-3-oxopropyl}- 

l-(3,3,3-triphenylpropanoyl)-2-pyrrolidinecarboxamide. The 
compound was obtained as a white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.78-2.22(27H, m), 2.62-3.18 
(4H, m), 3.20-3.58(3H, m), 3.64(lH, d, J=15.2Hz), 3.77 
(IH, d, J=15.2Hz), 4.13-4.20(1H, m), 6.28-6.40(lH, m), 
6,60-6.70(lH, m), 7.16-7.32(l5H, m) 

ESI-MS(m/e, as (C42H54N403-f-H)+): 663 

Example 128 

(3S)-3-({({(2R)-l-({(2S.4R)-4-hvdroxvl-(3.3.3-triphenvl- 
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DropanovD-2-pvrrolidinvl}carbonvl)-2-pvrrolidinvl}carbonvDamino}- 
methyl) - U -dime thvlpiperidinium bromide 

To 15 mg of (2R)-l-{(2S,4R)-4-hydroxy-l-(3,3,3-triphenyl- 
propanoyl)pyrrolidin-2-yl}carbonyl-N-{((3S)-l-methyl-3-piperidyl)- 

5 methyl}pyrrolidine*2-carboxamide, 0.5 mi of 10% methyl bromide- 

acetonitrile was added at room temperature, followed by 12 hours* 
stirring. The solvent in the reaction liquid was distilled off under 
reduced pressure, and the resulting residue was purified by 
preparative thin-layer chromatography (aluminium oxide 6OF254, Art. 
10 5713 (Merck), choroform/methanol = I8/I) to provide 15 mg of the title 
compound as a white soHd. 

iH-NMR(CDCl3, 5ppm): 0.86-2.30(l2H, m),2.62-3,80 
(17H, m), 3.87-3,98(lH, m), 4.36-4.48(lH, m), 4.49-4.62 
(2H, m), 7.10-7.36(15H, m), 7.42-7.54(lH, m) 
15 ESI-MS(m/e, as (C39H49N404)-^)- 637 

Example 129 

(3S)-l.l-diethvl-3-({({(2R)-l-({(2S.4R)-4-hvdroxv-l-(3.3.3- 

trip he nvlp rop anovD • 2 -p vrrolidinvl}carbonvl) - 2 -p vrrolidinvl} - 

20 carbonvDamino}methvl)piperidinium chloride 

To 22 mg of (2R)-N-{((3S)-l-ethyl-3-piperidyl)methyl}-l- 

{(2S,4R)-4-hydroxy-l-(3,3,3-triphenylpropanoyl)pyrroHdin-2-yl}- 

carbonylpyrrolidine-2-carboxamide, 1 ml of ethyl iodide was added at 
room temperature, followed by 2 hours' stirring at 70°C. The 
25 resultant reaction Liquid was diluted with chloroform and the solvent 
was distilled off under reduced pressure. The resultant residue was 
dissolved in ultrapure water 0.6 ml/methanol 0.1 ml and the solution 
was developed on reversed phase medium-pressure liquid 
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chromatograpy [ODS-AQ 120-S50 (YMC)]. Purification and anion 
exchange were conducted by pouring 20 ml of saturated brine, 
washing with 150 ml of ultrapure water and eluting the title 
compound with methanol/water = 1/1, to provide 21 mg of the title 
5 compound as a white sohd. 

iH-NMR(CDCl3, 5ppm): 0.82-2,30(l8H, m), 2.50-3.88 
(16H, m), 4.37-4.52(3H, m), 7.13-7.36(l5H, m), 7.57-7.64 

(IH, m) 

ESI-MS(m/e, as (C4iH53N404)^): 665 

10 

Example 130 

(3S)-3-({({(2R)-l-({(2S.4R)-4-hvdroxv-l-(3.3.3-triphenvl' 

propanovD-2-pvrrolidinvl}carbonvl)'2-pvrroLLdinvl}carbonvD- 

aminolmethvl) ■ 1 , 1 -dipropvlpiperidinium iodide 

15 To 4.9 mg of (2R)-l-{(2S,4R)-4-hydroxy-l-(3,3,3-triphenyl- 

propanoyl)pyrroHdin-2-yl}carbonyl-N-{((3S)-l-propyl-3-piperidyl)- 

methyl}pyrrolidine-2-carboxamide, 1 ml of propyl iodide was added at 
room temperature, followed by 15 hours' stirring at 100°C under 
heating. The reaction hquid was diluted with chloroform, the solvent 
20 was distilled off under reduced pressure, and the resulting residue 

was purified with preparative thin-layer chromatography (aluminium 
oxide 6OF254, Art 5713 (Merck), chloroforom/methanol = I8/I) to 
provide 4.1 mg of the title compound as a pale yellow solid. 

iH-NMR(CDCl3, 6ppm): 0.84'0.92(1H, m), 1.01 
25 (3H, t, J=7.1H2), 1.06(3H, t, J=7.1Hz), 1.16-1.37(3H, m), 

1.52-2. 12(1 IH, m), 2.18-2.39(2H, m), 2.77-2.93(3H, m), 
3.08-3.33(3H, m), 3.35-3,73(6H, m), 3.50(1H, d, J=14.8Hz), 
3.82-3.90(lH, m), 3.94(lH, d, J=14.8Hz), 4.31-4.40(2H, m), 
4.45-4.60(lH, m), 7.15-7.40(l5H, m), 7.58-7.66(lH, m) 
30 ESI-MS(m/e, as (C43H57N404)*)'- 693 
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Example 131 

(3S)-l.l-dicvcloDroDvlmethvl-3-(l(l(2R)-l-({(2S.4R)-4- 

hvdroxvl-(3.3.3-triDhenvlDropanovD-2-pvrrolidinvl}carbonvl)-2- 

pvrrolidmvl}carboiivDamino}methvl)piperidiniuin bromide 

The title compound was prepared by a method similar to 
Example 130, using (2R)-N-{((3S)-l-cyclopropylmethyl-3-piperidyl)- 

methyl}-l-{(2S,4R)-4-hydroxyl-(3,3,3-triphenylpropanoyl)pyrroIidin- 

2"yl}carbonylpyrrolidine-2-carboxamide and cyclopropylmethyl 
bromide. The compound was obtained as a white soHd. 

iH-NMR(CDCl3, 5ppm): 0.68-1.77(l8H, m), 1.80-2.20 
(4H, m), 2.22-2.36(lH, m), 2.64-2.78(lH, m), 2.90-3.10(2H, m), 
3.30-3,70(8H, m), 3.52(lH, d, J=14.8Hz), 3.72-4.0l(2H, m), 
3.88(1H, d, J=14.8Hz), 4.36-4.60(3H, m), 7.16-7.43(15H, m), 

7.49- 7,70(lH, m) 

ESI-MS(m/e, as (C45H57N404)^): 717 

Example 132 

(3R)-3-({({(2R)-l-({(2S.4R)-4-hvdroxv-l-(3,3.3-triphenvl- 

propanovD-2-pvrrolidinvl}carbonvD-2-pvrrolLdinvl}carbonvDamino}- 

methyl) -1.1 -dime thvlpiperidinium bromide 

The title compound was prepared by a method similar to 
Example 128, using (2R)-l-{(2S,4R)-4-hydroxy-l-(3,3,3-triphenyl- 

propanoyDpyrrolidin'2-yl}carbonyl-N-{((3R)-l"methyl-3-piperidyD- 

methyl}pyrrolidine-2-carboxamide. The compound was obtained as a 
white soUd. 

iH-NMR(CDCl3, 6ppm): 0.83-2.07(9H, m), 2.12-2.34(3H, m), 
2.48-2.70(2H, m), 2.86-3.0l(2H, m), 3.10-3.47(8H, m), 

3.50- 3.80(2H, m), 3.55(lH, d, J=14.8Hz), 3.7l(lH, d, 
J=14.8Hz), 3.96-4.12(2H, m), 4.30-4.40(lH, m), 4.55-4.62(lH, 
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m), 4.67-4.76(lH, m), 7.10-7.38(l5H, m), 7.58-7.68(lH, m) 
FAB-MS(m/e, as (C39H49N404)-^): 637 



Example 133 

(3R)-l.l-diethvl-3-({({(2R)-l-({(2S.4R)-4-hvdroxv-l'(3.3.3- 

triphenvlpropanovl)-2-pvrrolidinvl}carbonvD-2-pvrrolidinvl}carbonvD- 

aminolmethvDpiperidinium chloride 

The title compound was prepared by a method similar to 
Example 129, using (2R)-N-{((3R)-l-ethyl-3-piperidyl)methyl}-l- 

{(2S,4R)-4-hydroxy-l-(3,3,3-triphenylpropanoyl)pyrrolidin-2-yl}- 

carbonylpyrrolidine-2-carboxamide. The compound was obtained as 
a white solid. 

iH-NMR(CDCl3, 5ppm): 0.89-1.46(lOH, m), 1.68-2.10 
(6H, m), 2.20-2.30(2H, m), 2.34-2.50(2H, m), 3,05-3,90 
(12H, m), 3.60(1H, d, J=15.7Hz), 3.7l(lH, d, J=15.7Hz), 
4.37'4.45(1H, m), 4.52-4,67(2H, m), 7.13-7.40(15H, m), 
7.58-7.69(lH, m) 

FAB-MS(m/e, as (C4iH53N404)+): 665 

Example 134 

(3R)-l.l-diallvl-3-({({(2R)-l-({(2S.4R)-4-hvdroxv-l-(3.3.3- 
triphenvlpropanovD-2-pvrrolidinvl}carbonvD-2-pvrrolidinvl}carbonvD- 

amino}methvl)piperidinium bromide 

The title compound was prepared by a method similar to 
Example 128, using (2R)-N-{((3R)-l-allyl-3-piperidyDmethyl}-l- 
{(2S,4R)-4-hydroxy-l-(3,3,3-triphenylpropanoyl)pyrrolidin- 
2-yl}carbonyl- pyrrondine-2-carboxamide and allyl bromide. The 
compound was obtained as a white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.80-2.28(l3H, m), 2.52-2.65 
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(IH, m), 2.66-2.78(lH, m), 2,78-2.96(lH, m), 3.00-3.12 
(IH, m), 3.20-3.49(4H, m), 3,50(lH, d, J=14.3Hz), 3.72 
(IH, d, J=14.3Hz), 3.76-3.86(lH, m), 3.88-4.07(3H, m), 
4.18-4.30(1H, m), 4.30-4.42(2H, m), 4.50-4.60(2H, m), 
5.70-5.78(2H, m), 5.79-5.88(lH, m), 5.90-6.10(2H, m), 
7.16-7.38(15H, m), 7.62-7.70(lH, m) 
FAB-MS(m/e, as (C43H53N404)-')- 689 

Example 135 

(3R)-3-({({(2R)-l-({(2S.4R)-4-hvdroxv-l-(3,3.3-triphenvl- 

p rop anovl) - 2 -p vrrolidinyllcarbonyl) - 2 -p yrrolidin vllcarbonvl) amino} - 

me thvD -1.1- dip rop vlpiperidinium chloride 

The title compound was prepared by a method similar to 
Example 129, using (2R)-l-{(2S,4R)-4-hydroxy-l-(3,3,3-triphenyl- 

propanoyl)pyrrolidin-2-yl}carbonyl-N-{((3R)-l-propyl-3-piperidyl)- 

methyl}pyrroHdine-2-carboxamide and propyl iodide. The compound 
was obtained as a pale yellow soHd. 

iH-NMR(CDCl3, 5ppm): 0.80-2.10(l9H, m), 2.15-2.32 
(2H, m), 2.48-2.60(2H, m), 2.90-3.00(2H, m), 3.01-3.59(9H, m), 
3.53(1H, d, J=14.6Hz), 3.63-3.80(lH, m), 3.75 
(IH, d, J=14.6Hz), 3.88-3.98(lH, m), 4,30-4.38(lH, m), 
4.55-4.70(2H, m), 7.15-7,43(15H, m), 7.67-7.77(lH, m) 

ESI-MS(m/e, as (C43H57N404)^): 693 

Example 136 

(3R)-l-butvl-3-((({(2R)-l-({(2S.4R)-4-hvdroxvl-(3.3.3-triphen' 
vlpropanovD-2-pvrrohdinvl}carbonvD- 2-pvrroHdinyl}carbonvD- 
aminolmethvP- 1-methvlpiperidinium bromide 

The title compound was prepared by a method similar to 
Example 128, using (2R)-N-{((3R)-l-butyl-3-piperidyl)methyl}-l- 
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{(2S,4R)-4-hydroxy-l-(3,3,3-triphenylpropanoyl)pyrrolidin-2-yl}- 

carbonylpyrrolidine-2-carboxamide and (bromomethyOcyclopropane. 
The compound was obtained as a white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.82-2.17(l5H, m), 2.18-2.39 
(3H, m), 2.72-2.84(2H, m), 2.85-3.12(3H, m), 3.13-3.78 
(9H, m), 3.52(1H, d, J=14.4Hz), 3.7l(lH, d, J=14.4Hz), 
3.83-4.06(2H, m), 4.32-4.40(lH, m), 4.49-4.82(2H, m), 
7.16-7.40(15H, m), 7.56-7.75(lH, m) 

FAB-MS(m/e, as (C42H55N404)+): 679 

Example 137 

(3R)-3-({({(2R)-l-({(2S.4R)-4-hvdroxv-l-(3.3.3-triDhenvl- 

propanovl)-2-pvrrolidinvl}carbonvl)-2-pvrrolidinvl}carbonvl)amino}- 

methvl)- l-methvM-(2-methvIbutvl)piperidinium bromide 

The title compound was prepared by a method similar to 
Example 128, using (2R)-l-{(2S,4R)-4-hydroxyl-(3,3,3-triphenyl- 

prop anoyDpyrrolidin-2"yl}carbonyl-N-{((3R) ■ l-(2 -methylbutyl) "3- 
piperidyl)methyl}pyrroHdine-2-carboxamide. The compound was 
obtained as a white solid. 

iH-NMR(CDCl3, 6ppm): 0,70-2.20(l8H, m), 2.22-2.50 

(2H, m), 2.78-3.05(4H, m), 3.06-3.80(lOH, m), 3.53 

(IH, d, J=14.1Hz), 3.69(1H, d, J=14.1Hz), 3.83-3.95(lH, m), 
4.08-4.23(lH, m), 4.32-4.80(3H, m), 7.10-7.47(l5H, m), 
7.48-7.80(lH, m) 

FAB-MS(m/e, as (C43H57N404^): 693 
Example 138 

(1R*.3R)- and (1S*.3R)- 3-({({(2R)-l-({(2S.4R)-4-hvdroxv'l- 
(3.3.3-triphenvlpropanovl)-2-pvrrohdinvl}carbonvD-2'pvrrohdinvl}- 
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carbonvDaminolmethvl)- 1-methvI- l-pentvlpiperidinium bromide 

After conducting a procedure similar to Example 128, using 
(2R)-1- {(2S,4R)-4-hydroxy-l-(3,3,3-triphenylpropanoyl)pyrrolidin- 
2-yl}carbonyl-N-{((3R)-l-pentyl-3-piperidyl)methyl}pyrrolidine-2- 
5 carboxamide, the resulting diastereomer was separated, to provide 
the title compound which was expediently named (lR*)-form as a low- 
polarity substance in the form of a white solid, and the title compound 
expediently named (lS*)-form, as a high-polarity substance in the 
form of a white solid. 

10 (lR*)-form 

iH-NMR(CDCl3, 5ppm): 0.86-1.2l(4H, m), 1.28-1.47(4H, m), 
L50-2.17(13H, m), 2.20-2.37(2H, m), 2,68-2.78(lH, m), 
2.88-3.03(2H, m), 3.04-3.20(lH, m), 3.25(3H, s), 3.34-3.68 
(4H, m), 3.51(1H, d, J=14.1Hz), 3.73(lH, d, J=14.1Hz), 
15 3.98-4.08(2H, m), 4.28-4.40(lH, m), 4.50-4.6l(2H, m), 

7.18-7.40(15H, m), 7.58-7.65(lH, m) 
FAB-MS(m/e, as (C43H57N404)i: 693 

(lS*)'form 

20 iH-NMR(CDCl3, 5ppm): 0.88-1.08(4H, m), 1.28-1.42(4H, m), 

1.43-2.02(10H, m), 2.08-2.37(4H, m), 2.97-3.10(2H, m), 
3.15(3H, s), 3.16-3.63(7H, m), 3.58(1H, d, J=15.5Hz), 3.71 
(IH, d, J=15.5Hz), 3.84-3.92(lH, m), 3.92-4.03(lH, m), 
4.38-4, 42(1H, m), 4.58-4.63(lH, m), 4.76(lH, t, J=8.3Hz), 

25 7.15-7.39(15H, m), 7,66-7.73(lH, m) 

FAB-MS(m/e, as (C43H57N404)-^).- 693 



Example 139 

(1R*.3R)- and (lS*.3R)-3-({({(2R)-l-({(2S.4R)-4-hvdrQxv-l- 



30 (3.3.3-triphenvlpropanovl)-2-pvrrolidinvl}carbonvl)-2-pvrrolidinvl}- 
carbonvDamino}methvD-l-methvl-l-octvlpiperidinium bromide 
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After conducting a procedure similar to Example 128, using 
(2R)-1- {(2S,4R)-4-hydroxy-l-(3,3,3-triphenylpropanoyl)pyrrolidin- 
2-yl}- carbonyl-N-{((3R)-l-octyl-3-piperidyl)methyl}pyrrolidine-2- 
carboxamide, the resulting diastereomer was separated, to provide 
the title compound which was expediently named (lR*)-form as a low- 
polarity substance in the form of a white foamy substance, and the 
title compound expediently named (lS*)-form, as a high-polarity 
substance in the form of a white solid. 

(lR*)-form 

iH-NMR(CDCl3, 6ppm): 0.87(3H, t, J=6.7Hz), 
0.98-2.38(26H, m), 2.73-2.98(3H, m), 3.02-3.14(lH, m), 
3,22(3H, s), 3.37-3.62(4H, m), 3.52(1H, d, J=14.2Hz), 3.72 
(IH, d, J=14,2Hz), 3.93-4.08(2H, m), 4.30-4.38(lH, m), 
4.50-4.60(2H, m), 7.18-7.40(l5H, m), 7.58-7.65(lH, m) 

FAB-MS(m/e, as (C46H63N404)-*-)- 735 

(lS*)-form 

iH-NMR(CDCl3, 6ppm): 0.87(3H, t, J=6.7Hz), 0.92-1,10 
(IH, m), 1.18-2.05(21H, m), 2.10-2.40(4H, m), 2.75-3,60 
(8H, m), 3.15(3H, s), 3.58(lH, d, J=15.4Hz), 3.72 
(IH, d, J=15.4Hz), 3,79-3.90(lH, m), 3.93-4.06(lH, m), 
4.34-4.45(lH, m), 4.49-4.82(2H, m), 7.15-7.38(15H, m), 
7.56-7.75(lH, m) 

FAB-MS(m/e, as (C46H63N404)^): 735 

Example 140 

(3R)-l.l-dicvclopropvlmethvl-3-({(((2R)-l-(((2S.4R)-4- 
hvdroxv-l-(3.3.3"triphenvlpropanovl)-2-pvrrohdinvl}carbonvD-2- 
pvrroUdinvl}carbonvl)amino}methvl)piperidinium bromide 

The title compound was prepared by a method similar to 
Example 131, using (2R)-N-{((3R)-l-cyclopropylmethyl-3-piperidyl)- 
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methyl}-l-{(2S,4R)-4-hydroxy-l-(3,3,3-triphenylpropanoyl)pyrrolidin- 
2"yl}carbonyl pyrrolidine-2-carboxamide. The compound was 
obtained as a white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.54-0.70(3H, m), 0.73-0.85(2H, m), 
0.88(4H, t, J=6.6Hz), L00-2,25(13H , m), 2.47-2.60(lH, m), 
2.70-2.84(2H, m), 2.92-3.10(2H, m), 3,38-3.75(8H, m), 
3.78-3,98(3H, m), 4.20-4.40(lH, m), 4.40-4.50(lH, m), 
4.52-4.58(lH, m), 7,16-7.42(15H, m), 7.83-7,9l(lH, m) 

FAB-MS(m/e, as (C45H57N404)-'): 717 

Example 141 

(1R*.3R)- and (lS*.3R)-l-cvclohexvlmethvl-3-({({(2R)-l- 

({(2S,4R)-4-hvdroxvl-(3,3,3-triphenvlpropanovl)-2-pvrrolidinvl}carbo- 
nvl)-2- pyrrolidinvl}- carbonvDaminolmethvl- 1-methvlpiperidinium 
bromide 

After conducting a procedure similar to Example 128 using 
(2R)-N-{((3R)-l-cyclohexylmethyl-3-piperidyl)methyl}-l-{(2S,4R)-4- 
hydroxy l- (3,3,3-triphenylpropanoyl)pyrrolidin-2-yl}carbonyl- 
pyrrolidine-2-carboxamide, the resulting diastereomer was separated, 
to provide the title compound which was expediently named 
(lR*)-form as a low polarity substance in the form of a white solid, 
and the title compound expediently named (lS*)-form, as a 
high-polarity substance in the form of a white soHd. 

(lR*)-form 

iH-NMR(CDCl3, 5ppm): 1.02-2.23(21H, m), 2.30-2.40 
(IH, m), 2.67-2.78(lH, m), 2.83-3.02(3H, m), 3.20-3.37 
(5H, m), 3.38-3.65(5H, m), 3.56(lH, d, J=14.4Hz), 3.70 
(IH, d, J=14.4Hz), 3.84-4.02(lH, m), 4.10-4.19(1H, m), 
4.30-4.38(lH, m),4.40-4.49(2H, m), 7.15-7.40(15H, m), 
7.50-7.60(lH, m) 

FAB-MS(m/e, as (C45H59N404)+): 719 
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(lS*)-form 

iH-NMR(CDCl3, 6ppm): 0.80-2.07(l8H, m), 2.18-2,38 
(4H, m), 2.72-3.36(l0H, m), 3.38-3.50(4H, m), 3.56 
(IH, d, J=14.9Hz), 3.73(1H, d, J=14.9Hz), 3.76-3.85(lH, m), 
4.02-4. 12(1H, m), 4.33"4.40(lH, m), 4.60(lH, d, J=6.6Hz), 
4.77(1H, t, J=8.1Hz), 7.12-7.40(15H, m), 7.77(lH, t, J=5.7Hz) 

FAB-MS(m/e, as (C45H59N4O4)''): 719 

Example 142 

(3R)-l-cvcloheptvlmethvl-3-({({(2R)-l-({(2S,4R)-4-hvdroxv-l- 
(3,3.3-triphenvlpropanovl)'2-pvrrolidinvl}carbonvD-2- pyrroHdinyl}- 
carbonyOaminolmethvl)- I'methvlpiperidinium bromide 

The title compound was prepared by a method similar to 
Example 128, using (2R)-N-{((3R)-l-cycloheptylmethyl-3- 
piperidyl)methyl}-l-{(2S,4R)-4-hydroxy-l-(3,3,3-triphenylpropanoyD- 
pyrrolidin-2-yl}carbonylpyrrolidine'2-carboxamide. The compound 
was obtained as a white solid. 

iH-NMR(CDCl3, 6ppm): 0.83-1.35(6H, m), 1.36-2.02 
(14H, m), 2.03-2.2l(3H, m), 2.22-2.64(2H, m), 2.80-3.00 
(4H, m), 3.08-3.30(5H, m), 3.31-3.74(4H, m), 3.54 
(IH, d, J=14.5Hz), 3.68(1H, d. J=14.5Hz), 3.82-3.95(lH, m), 
4.09-4.18(lH, m), 4.33-4.78(3H, m), 7.10-7.39(l5H, m), 
7.47-7.72(lH, m) 

FAB-MS(m/e, as (C46H6iN404h): 733 

Example 143 

(3R)-l.l-diethvl-3-({({(2R)-l-({(2S.3R.4S)-3.4-dihvdroxv-l- 

(3,3.3-triphenvlpropanovl)-2-pvrrohdinvl}carbonvl)-2-pvrrolidinvl}- 

carbonvl)amino}methvl)piperidinium chloride 

The title compound was prepared by a method similar to 
Example 129, using (2R)-N-{((3R)-l-ethyl-3-piperidyl)methyl}-l- 
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{(2S,3R,4S)-3,4-dihydroxyl-(3,3,3-triphenylpropanoyl)pyrrolidin-2- 

yl}carbonylpyrrolidine-2-carboxamide. The compound was obtained 
as a white solid. 

iH-NMR(CDCl3, 5ppm): 0.85-2.40(l6H, m), 2.92-3,78 
(16H, m), 4.18-4.35(3H, m), 4.43-4.58(2H, m), 7.10-7.35 
(15H, m), 7,48-7.65(lH, m) 

FAB-MS(m/e, as (C4iH53N405)+): 681 

Example 144 

(3R)-l.l-diethvl-3-({({(2R)-l-({(2S.4R)-4-hvdroxv-l-{3.3.3-tris' 

(4-chlorophenvl)Dropanovl}'2-Dvrrolidinvl}carbonvl)-2-pvrrohdinvl}- 

carbonvl)amino}methvDpiperidinium chloride 

The title compound was prepared by a method similar to 
Example 129, using (2R)-N-{((3R)-l-ethyl-3-piperidyl)methyl}-l- 

((2S,4R)-4-hydroxy-l-{3,3,3-tris(4"chlorophenyl)propanoyl}pyrrolidin- 

2-yl)carbonylpyrroUdine-2-carboxamide. The compound was 
obtained as a white sohd. 

iH-NMR(CDCl3, 5ppm): 1.26(6H, t, J=7.lHz), 
1.32-2.19(11H, m), 2.20-2.35(2H, m), 2.38-2.49(lH, m), 
3.17-3.85(12H, m), 3.92-4.03(lH, m), 4.16-4.30(lH, m), 
4.39-4.44(lH, m), 4.56-4,60(lH, m), 4.72-4.8l(lH, m), 
7.06-7.18(6H, m), 7.20-7.30(6H, m), 7.60-7.67(lH, m) 

ESI-MS(m/e, as (C4iH5oCl3N404)^): 767 

Example 145 

(3R)-l.l-diethvl-3-({(((2R)'l-({(2S.4R)-4-hvdroxv-l-(3.3.3-tris- 
(4-ethvlphenvl)propanovl}'2-pvrrolidinvl}carbonvl)-2-pvrrolidinvl}- 
carbonvO amino} methvPpip eridinium chloride 

The title compound was prepared by a method similar to 
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Example 129, using (2R)-N-{((3R)-l-ethyl-3-piperidyDmethyl}-l- 

((2S,4R)-4-hydroxy-l-{3,3,3-tris(4-ethylphenyl)propanoyl}pyrrolidin- 

2- yl)carbonylpyrrolidine-2-carboxainide. The compound was 
obtained as a white solid. 

iH-NMR(CDCl3, 5ppm): 0.82-1.20(3H, m), 1.22 
(9H, t, J=7.5Hz), 1.30-2.55(17H, m), 2.6l(6H, q, J=7.5Hz), 
2.74-4.30(l4H, m), 4.32-4.46(lH, m), 4.47-4.56(2H, m), 
7,01-7.22(12H, m), 7.50-7.75(lH, m) 

ESI-MS(m/e, as (C47H65N404)-')- 749 

Example 146 

(3R)-l-heptvM-methvl-3-({(3-{(2-{(3.3.3-triphenvlpropanovD- 

amino}acetvl)amino}propanovDamino}methvl)piperidinium bromide 

The title compound was prepared by a method similar to 
Example 128, using N-{2-(3-{((3R)-l-heptyl-3-piperidyDmethyl}amino- 

3- oxopropy0amino-2-oxoethyl}-3,3,3-triphenylpropanamide. The 
compound was obtained as a white solid. 

iH-NMR(CDCl3, 6ppm): 0.80-2.60(20H, m), 2.82-3.82 
(17H, m), 6.62-6.88(lH,m), 7.09-7.40(l6H, m), 
7.85-7.99(lH, m) 

FAB-MS(m/e, as (C4oH55N403)^)- 639 

Example 147 

(3R)-l-heptvM-methvl-3-({(3-{(2'{(3.3.3-triphenvlpropanovl)- 

(methvl)amino}acetvl)amino}propanovl)amino}methvl)piperidinium 
bromide 

The title compound was prepared by a method similar to 
Example 128, using N-{2-(3-{((3R)-l-heptyl-3-piperidyDmethyl}amino- 

3-oxopropyDamino*2"OXoethyl}-N-methyl-3,3,3-triphenylpropanamide. 
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The compound was obtained as a white soUd. 

iH'NMR(CDCl3, 6ppm): 0.80-2.32(20H, m), 2.45-4.05 
(20H, m), 6.88-8.13(l7H, m) 
FAB-MS(m/e, as (C4iH57N403)^)- 653 

Example 148 

l-Cvclooctvlmethvl-l-ethvl-3-({(6'{(3.3.3-triphenvlpropanovD- 

amino}hexanovl)amino}methvOpiperidinium iodide 

The title compound was prepared by a method similar to 
Example 130, using N"(6"{(l-cyclooctylmethyl-3"piperidyDmethyl}- 

amino-6-oxohexyl)-3,3,3-triphenylpropanamide and ethyl iodide. 
The compound was obtained as a pale yellow solid. 

iH-NMR(CD30D, 5ppm): 1.00-2.27(31H, m), 2.78-2.97 
(3H, m), 3.02-3.54(9H, m), 3.60(2H, s), 7.12-7.30(l5H, m) 
FAB-MS(m/e, as (C44H62N302)^): 664 

Example 149 

(3S)-l-ethvM'{(2S)-2-methvlbutvl}-3-({(6-{(3,3,3-triphenvl- 
propanovDamino}hexanovDamino}methvDpiperidinium iodide 
(Step 1) 

Synthesis of N-{6-({(3S)-l-{(2S)-2-methylbutyl}-3-piperidyl}■ 
methyDamino-6-oxohexyl}-3,3,3•triphenylpropanamide 

The title compound was prepared by a method similar to 
Example 77, using (3S)-3-aminomethyM-(t-butoxycarbonyD- 
pipepridine and (2S)-2-methylbutane iodide. The compound was 
obtained as a white solid. 

iH-NMR(CDCl3, 6ppm): 0.86-0.92(6H, m), 0.98-1.18 
(6H, m), 1.37-1.73(7H, m), 1.82-2.00(2H, m), 2.18 
(2H, t, J=7.4Hz), 2.20-2.28(3H, m), 2.68-2.80(2H, m), 2.91 
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(2H, dd, J=6.0, 12.5Hz), 3,09-3.28(2H, m), 3,56(2H, s), 
4.80-4.88(lH, m), 5.78-5.88(lH, m), 7.17-7.32(l5H, m) 
FAB-MS(m/e, as (C38H5iN302+H)+): 582 

(Step 2) 

Synthesis of (3S)-l-ethyl-l-{(2S)-2-methylbutyl}-3-({(6- 

{(3,3, 3 - trip henylp rop anoyD amino}hexanoyl) amino} methyl) ■ 

piperidinium iodide 

The title compound was prepared by a method similar to 
Example 148, using N-{6-({(3S)-l-{(2S)-2-methylbutyl}-3-piperidyl}- 

methyl)amino-6-oxohexyl}-3,3,3-triphenylpropanamide. The title 
compound was obtained as a yellow oily substance. 

iH-NMR(CDCl3, 5ppm): 0.98(3H, t, J=7.4Hz), 
1.01-1. 78(15H, m), 1.80-2.10(3H, m), 2.27(2H, t, J=7.5Hz), 
2.42-2.58(lH, m), 2.89(2H, dd, J=5.9,12.0Hz), 3.02-3.70 
(lOH, m), 3.56(2H, s), 3.76-3.90(lH, m), 5.03-5.12(lH, m), 
7.17-7.35(15H, m), 7.50-7.60(lH, m) 

FAB-MS(m/e, as (C4oH56N302)^)- 610 

Example 150 

(3S)-l-ethvl-l-{(2S)-2-methvlbutvl)-3-({(6-{(3.3.3'triDhenvl- 
propanovl)amino}hexanovl)amino}methvl)piperidinium chloride 
(Step 1) 

Synthesis of N-(6-{((3S)- l-ehtyl-3-piperidyDmethyl}amino-6- 

oxohexy 1) • 3 , 3 , 3 - trip he ny Ip ropanamide 

The title compound was prepared by a method similar to 
Example 27, using (3S)-3-aminomethyl-l-(t"butoxycarbonyl)" 
piperidine and acetaldehyde. The compound was obtained as a white 
soHd. 

iH-NMR(CDCl3, 6ppm): 0.90-1.16(8H, m), 1.43-1.80(7H, m), 
1.90(1H, t, J=10.8Hz), 2.06(2H, t, J=7.4Hz), 2.38 
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(2H, q, J=7.1Hz), 2.77-2.85(2H, m), 2.86-2.96(2H, m), 
3.10-3.20(2H, m), 3.56(2H, s), 4.80-4,90(lH, m), 5.62-5.72 
(IH, m), 7.17-7.32(15H, m) 
FAB-MS(m/e, as (C35H45N302+H)+): 540 

5 (Step 2) 

Synthesis of (3S)-l-ethyl-l-{(2S)-2-methylbutyl}-3- 
({(6"{(3,3,3-triphenylpropanoyl)amino}hexanoy0amino}methyl)" 
piperidinium chloride 

The title compound was prepared by a method similar to 
10 Example 129, using N-(6-{((3S)-l-ethyl-3-piperidyl)methyl}amino- 

6-oxohexyD-3,3,3-triphenyIpropanamide and (2S)-2-methylbutane 
iodide. The compound was obtained as a white foamy substance. 

iH-NMR(CDCl3, 6ppm): 0.86-1.73(l8H, m), 1.80-2.10 
(3H, m), 2.20-2.37(2H, m), 2.39-2.56(lH, m), 2.87-2.95(2H, m), 
15 3.08-3. 70(10H, m), 3.56(2H, s), 3.87-4.05(lH, m), 

5.18-5.28(1H, m), 7.14-7.38(15H, m), 8.40-8.58(lH, m) 

FAB-MS(m/e, as (C4oH56N302)^): 610 

Example 151 

20 (7R)-7-({({(2R)-l-({(2S.4R)-4-hvdroxv-l-(3.3.3-triphenvl- 
propanovl)-2-pvrrohdinvl}carbonvD-2-pvrrolLdinvl}carbonvDamino}- 
methvl)-5'azoniaspiro [4.5]decane chloride 

The method of Japan Kokai (laid-open) No. Sho 62(1987)- 
215588 Al was followed. In 0.6 ml of chloroform, 41 mg of (2R)-1- 

25 {(2S,4R)-4-hydroxy-l-(3,3,3-triphenylpropanoyl)pyrroUdin-2-yl}- 

carbonyl-N-((3S)-3-piperidylmethyl)pyrrohdine-2-carboxamide, 0.014 
ml of diethylamine and 0.032 ml of 1,4-dibromobutane were dissolved, 
and the solution was allowed to stand in a hermetically sealed vessel 
for 6 days. The reaction liquid was diluted with chloroform and the 
30 solvent was distilled off under reduced pressure. The resultant 
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residue was dissolved in a mixture of ultrapure water 0.6 
ml/methanol 0.1 ml, and developed on a reversed phase medium 
pressure Hquid chromatography [ODS-AQ 120-S50 (YMC). The 
product was purified and anion-exchanged by pouring 20 ml of 
saturated brine, washing with 150 ml of ultrapure water, and eluting 
from methanol/water = 1/1, to provide 45 mg of the title compound as 
a white solid. 

iH-NMR(CDCl3, 5ppm): 0.88(2H, t, J=6,8Hz), 0.98-1.18 
(IH, m), 1.21-1.34(3H, m), 1.65-2.38(l2H, m), 2.52 2.68 
(IH, m), 2.98-3.17(3H, m), 3.20-3.60(5H, m), 3.56 
(IH, d, J=14.4Hz), 3.70(1H, d, J=14.4Hz), 3.79-3.95(2H, m), 
3.96-4.04(lH, m), 4.37-4.4l(lH, m), 4.51-4.60(2H, m), 
7.17-7.39(15H, m), 7.56(1H, t, J=6.0Hz) 

FAB-MS(m/e, as (C4iH5iN404)^): 663 

Example 152 

(7R)-7-({({(2R)-l'({(2S.4R)'4-hvdroxv-l-(3.3.3-triDhenvl- 

p rop anovl) • 2 -p vrrolidinvl)carbonvU ■ 2 -p vrrohdinvllcarbonvOamino} - 

methyl) -5'azoniaspiro [4.5ldec-2-en chloride 

The title compound was prepared by a method similar to 
Example 151, using l,4-dibromo-2-butene which was synthesized 
following the method of M. A. Keegstra, et al. [Svn. Commun . Vol. 21, 
721-726 (1991)]. The compound was obtained as a white soHd. 

iH-NMR(CDCl3, 6ppm): 0.80-2.80(l5H, m), 2.99-4.62 
(16H, m), 5.80-6.00(2H, m), 7.15-7.68(l6H, m) 
ESI-MS(m/e, as (C4iH49N404)-^): 661 

Example 153 

(2R)-2-({({(2R)-l-({(2S.4R)-4-hvdroxvl-(3.3.3-triphenvl- 
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propanovP- 2-pvrrolidinvl}carbonvD-2 -p vrrolidinvl}carbonvl)amino} • 

methyl)- 6 -azoniaspiro [5>5] undecane chloride 

The title compound was prepared by a method similar to 
Example 151, using 1,5-dibromopentane. The compound was 
5 obtained as a white solid. 

iH-NMR(CDCl3, 5ppm): 0.88(2H, t, J=6.6Hz), 0.98-1.13 
(IH, m), 1.20-1.36(3H, m), 1.68-2.07(10H, m), 2.08-2.32 
(3H, m), 2,40-2,52(lH, m), 2.80-2.95(lH, m), 3.04-3.20(2H, m), 
3.22-3.80(7H, m), 3.57(lH, d, J=15.3Hz), 3.68 
10 (IH, d, J=15.3Hz), 3.88-3.96(lH, m), 4.07-4.16 

(IH, m),4.38-4.43(lH, m), 4.56-4,68(2H, m), 7.17-7.39 
(15H, m), 7. 64(1H, t, J=6.5Hz) 

FAB-MS(m/e, as (C42H53N404)^): 677 



15 Example 154 

(2R)-2-({({(2R)-l-({(2S.4R)-4-hvdroxv-l-(3.3.3-triphenvl- 

prQpanQvI)-2-pyrrQlidinvl}carbonvl)-2-pvrrolidinvl}carbQnvl)amino}- 

methvl)-9.9-dimethvl-6-azoniaspiro [5.5] undecane chloride 

The title compound was prepared by a method similar to 
Example 151, using l,5-dibromo-3,3-dimethylpentane. The 
compound was obtained as a white solid. 

iH-NMR(CDCl3, 5ppm): 0.80-2.33(l8H, m), 1.09(3H, s), 
1.24(3H, s), 2.60-3.92(l2H, m), 3,52(lH, d, J=14.5Hz), 
3.68(1H, d, J=14.5Hz), 4.26-4.56(3H, m), 7.15"7.66(l6H, m) 
FAB-MS(m/e, as (C44H57N404)^)- 705 

Example 155 

(8R)-8-({({(2R)-l-({(2S.4R)-4-hvdroxv-l-(3.3.3-triphenvl- 

prQpanQvl)-2-pvrrQlidinvl}carbonvl)-2-pvrrolidinvl}carbQnvl)amino}- 
30 methyl)- 3-oxa-6 -azoniaspiro [5.5] undecane chloride 

156 



20 



25 



The title compound was prepared by a method similar to 
Example 151, using 2,2'-dichlorodiethyl ether. The compound was 
obtained as a white solid, 

iH-NMR(CDCl3, 5ppm): 0.80-2.78(l7H, m), 2.95-4.51 
(18H, m), 7.12-7.78(16H, m) 
ESI-MS(m/e, as (C41H51N4O5)-'): 679 

Example 156 

(7R)-2.3-epoxv7-({({(2R)-l-({(2S.4R)-4-hvdroxv-l-(3.3.3- 

triphenylp rop ano vl) - 2 -p vrrolidinvOcarbonvl) • 2 -p vrrolidinvllcarbonvl) ■ 

amino}methyl)-5-azoniaspiro [4.5] decane chloride 

The title compound was prepared by a method similar to 
Example 151, using l,4-dibromo-2,3-epoxybutane (cf. Referential 
Example 10). The compound was obtained as a white soUd. 

iH'NMR(CDCl3, 5ppm): 0.80-2.50(l7H, m), 2.60-4.85 
(16H, m), 7.10-7.45(15H, m), 7.58-7.80(lH, m) 
ESI-MS(m/e, as (C4iH49N405)^): 677 

Example 157 

3-({({(2R)-l-({(2S,4R)-4-hvdroxv-l-(3,3,3-triphenvlprQpanQvl)- 
2-pvrrolidinvl}carbonvl)-2-pvrrolidinvl}carbonvDamino}methvl)-l.l- 
dimethvlpvrrohdinium bromide 
(Step 1) 

Synthesis of (2R)-l-{(2S,4R)-4-hydroxy-l -(3,3,3 -triphenyl- 

propanoyDpyrroldin-2-yl}carbonyl-N-(3-pyrroHdylmethyl)pyrroHdine- 
2-carboxamide 

The title compound was prepared by successively conducting 
procedures similar to Step 5 of Example 1 and Example 46, using 3- 

aminomethyl-l-(t-butoxycarbonyDpyrroHdine [which was synthesized 
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by a method similar to the one described in Japan Kokai Hei 
11(1999)-193232, using 3-hydroxymethyM-benzylpyrrohdine [taught 
in Japan Kokai (laid-open) Hei 4(1992)- 112868]] and (2R)-1-{(2S,4R)- 
4-(tert-butoxy)-l-(3,3,3-triphenylpropanoyl)pyrrolidin-2-yl}carbonyl-p 
yrroUdine-2-carboxylic acid. 

iH-NMR(CDCl3, 6ppm): 0.80-2.34(9H, m), 2.49-2.64(lH, m), 
2.67-2.8l(lH, m), 2.82-3.29(7H, m), 3.30-3.42(lH, m), 
3.43-3.65(2H, m), 3.70-3.90(2H, m), 4.29-4.43(2H, m), 
4.49-4.6l(lH, m), 7.13-7.57(l6H, m) 

ESI-MS(m/e, as (C36H42N404-hH)+): 595 

(Step 2) 

Synthesis of (2R)-l-{(2S,4R)-4-hydroxy-l-(3,3,3-triphenyl- 

propanoyl)pyrrolidin-2-yl}carbonyl-N-{(l-methyl-3-pyrrohdyDmethyl}- 
py rroUdine- 2 -carboxamide 

The title compound was prepared by a method similar to 
Example 48, using (2R)-l-{(2S,4R)-4-hydroxy-l-(3,3,3-triphenyl- 

propanoyl)pyrrolidin-2"yl}carbonyl-N-(3-pyrrolidylmethyl)pyrrolidine- 
2-carboxamide. 

iH-NMR(CDCl3, 6ppm): 0.83-2.12(9H, m), 2.20-2.46(3H, m), 
2.31(3H, s), 2.49-2.83(4H, m), 3.10-3.27(1H, m), 3.29-3.40 
(IH, m), 3.42(1H, d, J=14.5Hz), 3.56-3.62(lH, m), 
3.77-3.85(lH, m), 3.87(lH, d, J=14.5Hz), 4.30-4.39(2H, m), 
4.52-4.59(lH, m), 7.15-7.39(16H, m) 

ESI-MS(m/e, as (C37H44N404+H)+): 609 

(Step 3) 

Synthesis of 3-({({(2R)-l-({(2S,4R)-4-hydroxy-l-(3,3,3- 
triphenylpropanoyl)-2-pyrrolidinyl}carbonyl)-2-pyrroHdinyl}- 
carbonyl)amino}methyD- 1, 1-dimethylpyrroHdinium bromide 

The title compound was prepared by a method similar to 
Example 130, using (2R)-l-{(2S,4R)-4-hydroxy-l-(3,3,3-triphenyl- 
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propanoyl)pyrroMin-2-yl}carbonyl-N-{(l"methyl-3-pyrrolidyl)methyl}- 
pyrrolidine-2-carboxainide. The compound was obtained as a 
colorless oily substance. 

iH-NMR(CDCl3, 6ppm): 0.82-2.35(9H, m), 2.52-2.70(lH, m), 
5 2.72-2.89(lH, m), 3.00-3,89(l8H, m), 4.25-4.60(2H, m), 

7.10-7.40(15H, m), 7.48-7.78(lH, m) 
ESI-MS(m/e, as (C38H47N404)^): 623 

Referential Example 1 
10 (3R) • 3-aminomethvl- 1 -(tert-butoxvcarbonvOpiperidine 

(Step 1) 

Synthesis of ethyl (3S)-3-piperidinecarboxylate 

To 13.0 g of ethyl (3S)-3-piperidinecarboxylate D(-)- 

tartarate which was synthesized following the method of R Magnus, 
15 et al. [J, Org, Chem. Vol. 56, 1166-1170 (1991)], 3N aqueous sodium 
hydroxide solution was added to render the former basic, foUowed by 
extraction with chloroform and drying over anhydrous magnesium 
sulfate. Distilling the solvent off under reduced pressure, 7.50 g of 
the title compound was obtained. 

20 (Step 2) 

Synthesis of (3S)-3-piperidylmethanol 

To Golution To a solution of 7.50 g of ethyl 
(3S)-3-piperidinecarboxylate in 200 ml of tetrahydrofuran, 3.4 g of 
lithium aluminium hydrate hvdride was added under cooHng with ice, 
25 foUowed by an hour's refluxing under heating. To the reaction Hquid 
sodium sulfate dccahydrato decahvdride was added under cooling 
with ice, followed by 12 hours' stirring at room temperature and 
filtration through cerite. Distilling the filtrate off under reduced 
pressure, 5.89 g of the title compound was obtained. 

30 (Step 3) 
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Synthesis of {(3S)-l-(tert-butoxycarbonyl)'3-piperidyl}" 
methanol 

To a solution of 5.89 g of (3S)-3-piperidylmethanol in 150 ml 
of chloroform, another solution of 9.3 g of di-tert-butyl dicarbonate in 
5 50 ml of chloroform was added under cooHng with ice, followed by 15 
hours' stirring at room temperature. The reaction liquid was 
distilled off under reduced pressure, diluted with diethyl ether, 
washed successively with 0.5 N hydrochloric acid, water and 
saturated brine, and dried over anhydrous magnesium sulfate. 
10 Distilhng the solvent off under reduced pressure, 8.01 g of the title 
compound was obtained. 

(Step 4) 

Synthesis of {(3S)-l-(tert-butoxycarbonyl)-3-piperidyl}- 

methyl methane sulfonate 

15 To a solution of 7.96 g of {(3S)-l-(tert-butoxycarbonyl)-3- 

piperidyljmethanol in 150 ml of chloroform, 3.4 ml of methanesulfonyl 
chloride and 6.7 ml of triethylamine were added under coohng with 
ice, followed by an hour's stirring at room temperature. The reaction 
liquid was distilled off under reduced pressure, diluted with ethyl 
20 acetate and saturated aqueous sodium bicarbonate solution was 

added, followed by 1.5 hours* stirring. Thereafter the reaction liquid 
was successively washed with water and saturated brine and dried 
over anhydrous magnesium sulfate. DistiUing the solvent off, 10.50 
g of the title compound was obtained. 

25 (Step 5) 

Synthesis of (3S)-3-azidomethyM-(tert-butoxycarbonyD- 

piperidine 

To a solution of mr&Q^ 10.50 g of 
{(3S)- l-(tert-butoxycarbonyl)-3- 

30 piperidyOmethyl methanesulfonate in 100 ml of N,N-dimethylform- 



160 



amide, 4.9 g of sodium azide was added at room temperature, followed 
by 4 hours' stirring at 80**C under heating. The reaction liquid was 
diluted with ethyl acetate, washed successively with water and 
saturated brine, and dried over anhydrous magnesium sulfate. The 
5 solvent was distilled off under reduced pressure, and resulting 
residue was purified by means of silica gel column chromatography 
(eluting solvent- from hexane to hexane/ethyl acetate = 15/1) to 
provide 7.24 g of the title compound. 

(Step 6) 

10 Synthesis of (3R)-3-aminomethyl- l-(tert-butoxycarbonyD- 

piperidine 

To a solution of 600 mg of (3S)•3-azidomethyM-(tert-butoxy- 
carbony0piperidine in 12.5 ml of 20% hydrous tetrahydrofuran, 622 
mg of triphenylphosphine was added at room temperature, followed 

15 by 45 minutes' refluxing under heating. The reaction hquid was 
rendered acidic by addition of 0.5 N hydrochloric acid, and 
successively washed with chloroform and ethyl acetate. Then 4N 
aqueous sodium hydroxide solution was added to the aqueous layer to 
render the latter basic, followed by extraction with chloroform and 

20 drying over anhydrous sodium sulfate. DistiUing the solvent off 
under reduced pressure, 497 mg of the title compound was obtained. 



Referential Example 2 

(3R) -3-aminomethvl- 1 -(cvclohexvlme thvPpiperidine 

25 (Step 1) 

Synthesis of ((3S)-l-cyclohexylmethyl- 3 -piperidyD methanol 

To a solution of 900 mg of (3S)-3-piperidylmethanol in 60 ml 

of tetrahydrofuran, 1.05 g of cyclohexanecarbaldehyde, 0.54 ml of 

acetic acid and 2.5 g of sodium triacotoxyborohydrato 

30 triacetoxvborohvdride were successively added at room temperature 

by the order stated, followed by 21 hours' stirring at the same 
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temperature. The reaction liquid was rendered acidic with IN 
hydrochloric acid and washed with 

chloroform. The aqueous layer was rendered basic with 4N aqueous 
sodium hydroxide solution, followed by extraction with chloroform 
5 and drying over anhydrous sodium sulfate. DistiUing the solvent off 
under reduced pressure, 990 mg of the title compound was obtained. 

(Step 2) 

Synthesis of (3R)-3-aminomethyM-(cyclohexylmethyI)- 
piperidine 

10 The title compound was prepared by procedures similar to 

Steps 4-6 of Referential Example 1, using ((3S)"l-cyclohexylmethyl-3- 

piperidyOmethanol. 

Referential Example 3 

15 (38) 3-aminomethvl- l-(tert-butoxvcarbonvl)piperidine 

The title compound was prepared by a method similar to 
Referential Example 1, using ethyl (3R)-3-piperidinecarboxylate 
L^+^-tartarate which was synthesiszed following the method of R 
Magnus, et al. [J. Org. Chem.. Vol. 56, pp. 1166-1170 (1991)]. 

20 

Referential Example 4 

3-Aminomethvl-l-(tert-butoxvcarbonvl)piperidine 

The title compound was prepared by procedures similar to 
Steps 2-6 of Referential Example 1, using ethyl 3-piperidine- 
25 carboxylate. 

Referential Example 5 

3-AminomethvM-(cvclohexvlmethvDpiperidine 
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The title compound was prepared by successively conducting 
procedures similar to Step 2 of Referential Example 1 and Referential 

Example 2, using ethyl 3-piperidinecarboxylate. 



5 Referential Example 6 

3.3.3-Tris(4-fluorophenvl)propionic acid 

The synthesis was conducted referring to the method of Fan 
Benlun, et al. [Yiyao Gongye, Vol. 9, pp. 2-4 (1983)]. In 1.1 ml of 
acetic acid, 1.0 g of 3,3,3-tris (4-fluorophenyl) methanol was 

10 suspended. To the suspension 541 mg of cyanoacetic acid and 230 
mg of zinc chloride were added at room temperature, followed by 4 
hours* stirring at 130'*C under heating. The reaction hquid was 
cooled to room temperature, and 1.8 ml of cone, sulfuric acid and 0.64 
ml of acetic anhydride were added, followed by 17 hours' stirring at 

15 130**C under heating. The reaction Hquid was cooled to room 

temperature, diluted with water and fQtered. The filter cake was 
thoroughly washed with watcrto water to provide 940 mg of the title 
compound. 



20 Referential Example 7 

Cyclop entvlmethvl me thane sulfonate 

The title compound was synthesized by a method similar to 
Step 4 of Referential Example 1, using cyclopentylmethanoL 



25 Referential Example 8 

2 - ( 1 -Me thvlcvclop rop an- 1 • vDace taldehvde 

(Step 1) 

Synthesis of 1-methylcyclopropane-l-carbaldehyde 
To a solution of 0.5 ml of 2-cyclopropanepropanol in 6 ml of 
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dimethyl sulfoxide, 3 ml of triethylamine and a solution of 2.5 g of 
sulfur trioxide -pyridine complex in 4 ml of dimethyl sulfoxide were 

successively added at room temperature, followed by 4.5 hours' 

stirring at the same temperature. The reaction solution was poured 
5 into water, extracted with diethyl ether, and the organic layer was 
washed with water and dried over anhydrous magnesium sulfate. 
Distilling the solvent off under reduced pressure, about 10 ml of a 
diethyl ether solution of the title compound was obtained. 

(Step 2) 

10 Synthesis of 2-(l-methylcyclopropan-l-yDacetaldehyde 

Methoxymethyltriphenylphosphonium chloride 2.57 g was 
suspended in 40 ml of diethyl ether, and to the suspension n-butyl 
lithium (1,47 M hexane solution, 8.0 ml) was added under coohng 
with ice, followed by 2 hours' stirring at room temperature. Then 10 

15 ml of a diethyl ether solution of 1-methylcyclopropane-l-carbaldehyde 
was added at room temperature, followed by an hour's stirring at the 
same temperature. The reaction solution was poured into water, 
extracted with diethyl ether, and the organic layer was washed with 
water and dried over anhydrous magnesium sulfate. The solvent 

20 was distilled off under slightly reduced pressure, and the resultant 
residue was dissolved in 10 ml of tetrahydrofuran. To the solution 10 
ml of cone, hydrochloric acid and 5 ml of water were added at room 
temperature, followed by 12 hours' stirring at the same temperature. 
The reaction solution was poured into water, extracted with diethyl 

25 ether, and the organic layer was washed with water and dried over 
anhydrous magnesium sulfate. Distilling the solvent off under 
reduced pressure, about 15 ml of a diethyl ether solution of the title 
compound was obtained. 



30 Referential Example 9 

l-(CvclopentvDethvl 4-methvlbenzenesulfonate 
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To 0.9 ml of a pyridine solution of l"cyclopentaneethanol, 309 
mg of 4-methylbenzenesulfonyl chloride was added under cooHng with 
ice, followed by 6.5 hours* stirring at room temperature. A 
hydrochloric acid solution was added under cooling with ice to render 
5 the reaction liquid acidic, followed by extraction with ethyl acetate. 
The organic solvent layer was washed with saturated brine and dried 
over anhydrous sodium sulfate. Distilling the solvent off under 
reduced pressure, 324 mg of the title compound was obtained. 

10 Referential Example 10 

Preparation of l,4'dibromo-2.3-epoxvbutane 

To a solution of 500 mg of l,4-dibromo-2-butene in 1 ml of 
chloroform, 485 mg of meta-chloroperbenzoic acid was added under 
cooling with ice, followed by 20 hours' stirring at room temperature. 

15 Further 606 mg of meta-chloroperbenzoic acid was added, followed by 
3 days* stirring. The reaction liquid was then poured into a mixed 
aqueous solution of sodium hydrogencarbonate and sodium 
thiosulfate, extracted with chloroform and dried over anhydrous 
sodium sulfate. Distilling the solvent off under reduced pressure, 

20 512 mg of the title compound was obtained. 

Industrial Applicability 

Because thooocompounda those compounds of the present 
invention exhibit selective antagnism to muscarinic Ms receptors, 
25 they are useful as safe and effective treating agents of diseases of the 
respiratory, urinary or digestive systems, exhibiting Httle side effect. 
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